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INTRODUCTION 

The references and abstracts contained in this bibliography have been obtained from 
two computer-search services available to LMSC through its Technical Information 
Center facility. Those references with accession numbers starting with "A, '' 'IN, It 

or  "X" were obtained from the NASA/RECON (Acronym for REmote CONsole) 
information retrieval service. Those with accession numbers starting with "AD-" 
were obtained from the Defense Documentation Center (DDC) retrieval service. The 
overall scope for both searches was for references pertinent to the subject of emit- 
tance of high temperature materials. Additional qualifying modifiers included reentry 
vehicles, heat shields, radiant heat transfer in hypersonic flows, measurement 
methods, and reentry simulation. 

The NASA literature search number was 12990, titled "Emittance of High Temperature 
Materials," dated 3 September 1970. This search contained a total of 492 references 
of which approximately 100 appeared to be pertinent to the particular materials and 
problems of concern to this study and are listed herein. These references with 
accession numbers starting with "A" cite published literature references which have 
been announced in the International AerosDace Abstracts, (IAA1 dating back to 1962. 
After the accession number, the format is as follows: issue and page number of 
- IAA, category, meeting paper or  report numbers, contract numbers, date of document, 
document classification, title, notation of content , authors, name of publication, place 
of publication, name of publisher, date, collation, language (if not in English), and 
the subject index terms. 

. 
. 

These references with accession numbers starting with trN't cite. report literature 
references which have been announced in the Scientific and Technical Aerospace 
Reports, (STAR). or  which have not been announced elsewhere. After the accession 
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number the format is as follows: issue and page number of STAR, category, report 

numbers, contract numbers, date of report, report classification, title, notation of 
content, authors, a corporate source identifying code number, corporate source, 
the corporate source supplemental, date of the report, collation, availability, price, 
and subject index terms. 

Those references with accession numbers starting with trX1t cite report literature 
references which have distribution limitations, e. g., for NASA Only or U. S. 
Government Agency Only. The format for these references is the same as for IrNlt 

numbered references above. 

The DDC references to Department of Defense reports were obtained from two searchs 
numbered 045518 and B45506, both titled "Emittance of High Temperature Materials, lt 

and dated 21 August 1970 and 27 August 1970, respectively. These searchs contained 
a total of 867 references of which approximately 65 appeared to e to pertinent reports 
which were not listed in the NASA search report. The format for these 
numbered references is similar to that for the NASA report literature references, but 
in addition usually includes a short abstract paragraph at the end. 

The references listed herein have been grouped into eight subject categories to give 
an approximate indication of the principal content of the regsrt which is of interest to 

l'hese categories are as follows: 

Concerning high temperature emittance characteristics of refractory and 
other high temperature metah and alloys 
Concerning high temperature emittance characteristics of ceramics and 
high temperature coating materials 
Concerning the high temperature emittance characteristics of carbon, 
graphites; ablative materials and chars 
Concerning the emittance and absorptance of high temperature gases 
encountered during atmospheric reentrys 
Concerning measurement methods for high temperature and material 
emittance determinations 
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(6) 

(7) 

(8) 

Concerning radiative heat transfer to and from vehicles in high-velocity, 
reentry-type environments 
Concerning reentry simulation techniques and facilities 
Concerning the design and performance of high temperature heat shields 
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GROUP 1 

Concerning high temperature emittance characteristics of 
refractory and other high temperature metals and alloys. 
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C O N T R O L  FJOD 

1113 
S T  L O U I S  MO 

L s C N I P T O H S :  ( * T A N T A L U M  A L L O Y S ,  L E A D I N G  EDGE), 
i*t..LAL)ING LOGE, E M I S S I V I T Y ) ,  N l O b I U M  ALLOYS,  
d E i d A C T O H Y  C O A T i N C S ,  TUhU(iSTEk8 TUNGSTEN COMPOUNDS, 
~ I L I C I D E S ~  AERODYNAMIC H ~ A T I ~ Y G ,  HEt;NTHY VEHICLES, 
A T K d S P H E R E  ENTRY,  STAGNATION P O f N T i  C O q T I N b S ,  
u L e S S ,  SLURRY C O A T I N G ,  THERMAL E X P A N S I O N ,  I N E R T  

u.’CI’EL A L L O Y S ,  COBALT ALLOYS,  
G A ~  d E L D I N G t  T U N G S T E h ,  ELECTr lON SEAM WELDING, 

. . G A D I N G ( M E C H A N I C S ) ,  S T R U C T U R A L  PROPERT1E5,  
F L A T  P L A T E  M O O E L S ,  CHEEP, B E h D I N G  lU) 

- - - . 

i j D C  REPOHT B I S L I o G H A P H y  SEARCH CONTROL Nu, .. 8’15506 

A b - a i 2  8 0 1  1 i / 6  20/6 20113 
 AI^ FORCE MATERIALS L A B  WRIGHT-PATTERSON AFB OHIO 
E i F Z C T  OF SURFACE ROUGHNESS ON THE REFLECTANCE OF 
REFHACTORY M E T A L S D  (U) 

3 r s C H l P T I V E  NOTE: T E C H N I C A L  PEPTI  1 HAY 65-1 M A Y  6 6 ,  

~ E P T D  N O D  A F M L - T R - 6 6 - 2 3 2  

T A S K ;  738102  

D E C  66 7 8 P  sTEVISON,DONALD F O  I 

P ~ O J :  ~ ~ - 7 3 8 1  

U N C L A S S l F I E ‘ O  REPORT 
D I S T R I B U T I O N :  Y O  F O R E I G N  WITHOUT APPROVAL OF A I R  
F O R C E  M A T E R J A L S  L A B D ~  A T T N t  !!Ahkt WHIGHT- 
PATTERSON A F B $  O H I O  45433. 

O L s C R I P T O R S I  ( ~ R E F R A C T O H Y  ~VIETALS, SURFACE 
HCUGHNESS) ,  MEASURLMkNT, O P T i C A L  P R O P E R T I E S ,  
THERMAL P R O P E R T I E S ,  N I O B I U M  ALLOYS, TANTALUM, 
TUNGSTEN, E M I S S I V I T Y ,  R E F L E C T I V I T Y ,  HEAT 
TRANSFER, THE8MAL R A D I A T I O N ,  D E S I G N ,  SURFACE 

( U )  TEMPERATURES,  - _ - - -  T E S T  MI iTHOuS, HEFLECTION - _ _  
._ 

5 
LOCKHEED PAL0 ALTO RESEARCH LABORATORY 
L O C K H E E D  M I S S I L E S  6 S P A C E  C O M P A N Y  
A G R O U P  D I V I S I O N  O F  L O C X H E S D  A I R C R A F T  C O R P O R A T I Q N  



A D - 7 0 5  3’14 1116 1 4 / 2  
F I A T I O I U A L  BUREAU OF STANDARDS WASHINGTON D C P H Y S I C A L .  
C h E M I S T R Y  D f V  
HIGn-SPEED (SUESECOND) MEASUREMENT OF HEAT 

R A ~ I I A T I O N  P R u P E i i T l E S  OF MOLyBoENUM IN THE RANGE 
1000 TO 2800 6 ,  ( U )  

C A P A C I T Y ,  E L E C T R I C A L  R E S I S T I V I T Y ,  AND THERNAL 

O C T  69  3 0 P  C E Z A ~ R L I Y A N ~ A I  1 M O R S L , M o  
Sa ;BERMAN,Ha A i  ;BECKETT,Co J Y *  1 

P ~ O J :  AF-9750 
TASK: 9 7 5 0 9 1  
MQNITOH;  AFOSR ’ I O - I l l l T H  

U N C L A S S I F I E O  REPORT 
A V A I L A a i L I T Y ;  P U B *  I N  J N L o  OF RESEARCH OF THE 
N A T I O N A L  BUREAU OF STANOAROS-AI P H Y S I C S  AND 
C P I ~ M I S T R Y ~  V 7 4 A  N 1  P 6 5 - 9 2  J A N / F E 8  7 0 0  

U L S C ~ ~ I P T Q R S ;  (*MoLYBOENUM, P y Y S f c A L  P H o P € R T I E S ) .  
~ E S I S T A N C E ( E L E C T R I C A L )  THERMAL R A D I A T I O N o  
S P E C I F I C  HEAT,  PYROMETERS, T~ERMoOYNAMICS 4U) 

A TECHNIQUE IS D E S C R I B E D  F O R  THE H I G H - S P E E D  
MEASUREMENT OF HEAT C A P A C I T Y o  E L E C T H I C A L  R E S I S T I V I T Y ,  
H C M I S P h E H I C A L  T O T A L  AND NORMAL S P E C T R A L  E M I T T A N C E S  OF 
E L E C T R I C A L  CONDUCTORS A T  HIGH TEMPERATURES (ABOVE 
1900 K )  W I T H  M I L L I S E C O N D   RESOLUTION^ D U R A T I O N  OF 
A I L  f N D I V I D U A L  E X P E R I M E N T ,  I N  WHICH THE S P E C I M E N  IS 
HEATEO F R O M  R O O M  TEMPERATURE T O  CLOSE TO ITS M E L T l N G  
P O I N T 1  IS L E S S  THAN O N E  SECONDo TEMPERATURE 

PYkOMETERa Q U A N T I T I E S  ARE RECOROEO BY A H I G Y m S P E E D  
D I G I T A L  OATA ACQUISITION SYSTEM WHICH HA$ Er 
R k S O L U T I O N  OF APPROXIMATELY ONE PART I N  8000r T I M E  
R L S O L U T I O N  OF THE E N T I R k  SYSTEM IS 914 M S o  R E S U L T S  
Ob THE AEOVf P R O P E R T I E S  OF MOLYBDENUM I N  THE 
TEMPERATURE RANGE 1900 TO 2900 K ARE REPORTED AND 
A i tE  COMPARED R I T H  THOSE I N  THE L I T E R A T U R E O  

MEASUREMENTS A R E  MADE W I T H  A H I G H - S P E E D  P H O T O E L E C T R I C  

( A U T H O R )  (rl) 
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4b-6'?& 357 1116  
c l h C I N h A T I  U N ~ V  O H I O  M A T E R I A L S  S C I E N C E  PROGRAM 
TnL THERMAL C O N O U C T l V I T Y  AND TOTAL EMITTANCE OF 
TuiucrSil'EN A T  1800 T O  2 8 O C i K o  ( U )  

U L S C ~ I P T I V E  NOTE: T E C H N I C A L  & E F T *  1 SEP 47-30  JUN 6 8 ,  
3 C T  6 9  52P JUNtC.  K e  I E B R A H I M t S A L M A N  

t ~ i O C r i , M *  I 
CUtqTdACT:  F 3 3 6 1 5 - 6 7 - C - l Y 4 5  
Y i i Q d ;  A F - 7 3 6 7  
T A S h :  736704 
lStON I T O H ;  AFML T R - 6 0 - 2 7 5  

U N C L A S S l F I E V  HEPORT 

TnE THERMAL C O N D U C T l V I T I E S  AND T O T A L  E M I T T A N C E S  O f  
S I X  TUNGSTEN SAMPLES PREPAREO 8 y  D I F F E R E N T  
M A N U F A C T U R E R S  U S I N G  E I T t l E H  ARCaCAST METHODS OR PON!Dc;R 
METALLURGY TECHNlWUES *ERE MEASURED I N  ?HE 
TEMPEHATUHE RANGE 21300 - 2800Kr THE THERMAL 
C O h U U C T I V I T Y  OF C O M h E R C I A L L Y  PREPAREO ARC-CAST 
SAFIPLES IS SLIGHTLY H IGHER T H A N  THE THERMAL 
C 0 i 4 3 U C T I V I T Y  OF COMMERCIALLY PREPARE0 POWOER 
M t T A L L U R G Y  SAMPLES. I N  dOTH CASES THE THERMAL 
C U h d U C T I V I T Y  IS INOEPENPENT OF TEMPERATURE, THE 
T O T A L  E M I T T A N C E  A T  2500K FOH THCI; POWDER METALLURGY 
SAMPLES IS 0 1 2 5  AND 0120 FOR THf  ARC'CAST SAMPLESe 
T h E  S P E C I A L L Y  PREPAREO M A T E R I A L S  H A V E  THERMAL 
C O N O U C T I V I T I E S  AND E M I T T A N C E S  WHICH ARE D I F F E R E N T  
F R O M  THE C O N D U C T I V I T Y  AND E M I T T A N C E  O F  CQf iMERCIALLY 
A V A I L A B L E  M A T E R I A L S *  ( A U T H O R )  ( 0 )  
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J 
D O C  REPORT B I B L I O G R A P H Y  S E A R C H  CONTROL NO* OSSSiB 

A O - 3 7 7  2 2 4  1116 
C I N C I N N A T I  U N l V  OHlV 
T H i l R f l A L  C O N o U C T ~ V i T Y  OF TANTALUM, TUNCSTLN AND 
TANTALUM-TUNGSTEN A L L O Y S .  ( U l  

D k S C R I P T I V E  hlOTE: T E C H N I C A L  REPT, SEP 6S'HAA 650 
M A Y  45 2 7 P  JUN , C e  K e  IHocH,@M@ I 

CONTHACTI  A F 3 3 ( 6 i S } - j T S O  
PROJ: A F - 7 3 6 7  
TASU: A F - 7 3 6 7 0 4  
M O N l T O R t  AFML T N - 6 5 1  II 9 I 

U N C L A S S I F I E D  REPOHT 
O I S T H I B U T l O N t  NO F O R E I G N  r Y f T t l 0 U ~  APPROVAL OF 
RESEANCH AND TECHNOLOGY O I V e  { A F S C I ,  WRIGHT' 
PATTERSON AFB,  O H l O e  4 S q 3 3 r  ATTN:  AFMLe 

O L S C R i P T O R S :  ( * R E f R A C T O R y  METALS,  T H E R M A L  
P R O P E H T I E S ) ,  ( *REFRACTORY METAL A L L O Y S ,  THERMAL 
P R o P E R T I E S J D  TANTALUM, TANTALUM ALLOYS, 
TUNGSTEN, TUNGSTEN ALLOYS, ThERMAL C O N D U C T ~ V I T V B  
5 P E C i F l C  H E A T ,  E M I S S I V I T Y ,  TABLES, E X P E R f M € N T A C  
D A T A  ( U )  

1 O E N T I F I E R S :  TANTALUM ALLOY low ( U )  

THE THERMAL C O N D U C T l V l T Y  K ,  AND THE K A T I O  OF 

T A N T A L U M ,  TUIJGSTEN, AN0 T A - l o b t  ALLOY WERE 

THE A V A I L A B L E  DATA ON f H E  SPECIFIC H E A T  OF 
TANTALUM, TUNGSTEN, AN0 THE l l ( a l O W  A L L O Y ,  WHICH 
A K E  hl€EDEO T O  CONVEHT D I F F U S I V I T Y  MEASUREMENT TO 

SPEClFlC HEAT TO T O T A L  E M l T T A N C t i  C P / E P S I L O N B  OF 

MEASURED I N  THE TEMPERATURE R A N G E  ~ 5 0 0 ~ 2 2 0 0  K e  . 

C O N O U C f l V i t Y  VALUES, ARE ALSO G I V E N ,  (AUTHOR) ( U l  
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3 O C  KC;POt4T d i 8 L I o G H A P H Y  SEAKCH CONTROL NO0 8’45506 

A i i - b O l  315 
C i N C I h r N A T I  UN1V OHIO 

HEASUHEMENTS I N  THE TEMPERATURE RANGE l O O ~ - J O O O  
T h E d H A L  C O N D U C T I V I T Y  AN0 TOTAL f M I S S I v l T Y  

C. ( U )  
Z L S C h I p T I V E  NOTE: HEPTI F O R  DEC 62-F€B 6 4 ,  

APR b’l 19P H O C H d W n A E L  1 
CYNTHACT;  AF33 6 1 6  7 1 2 3  
?fiOJ; 7 3 6 7  
T A S K ;  73b704  
M 3 r \ l l T O R :  ML T O R 6 4  59  

S u ? P L E f l S N T A H Y  NOTE; 

D t S C H I P T O R S ;  ( * G R A P H I T E ,  THERMAL P R O P E R T I E S ) ~  
L * R E F I ~ A C T O ~ Y  N E T A L S ,  THERMAL P R O P E R T I E S ) ,  T A N T A L U M ,  
~ U ~ V G S T E N ,  MOLYBDENUM, N I O B I U M ,  THERMODYNAMICS, S P E C I F I C  
n E A T 8  E M I S S I V I T Y ,  THERMAL C O N D U C T I V I T Y ,  MEASUREMENT ( U i  

THE H A T 1 0  OF THERMAL C O N O U C T X V l T I E S  AND O f  THERMAL 
C O N O d C T I V I T I E S  TO T O T A L  E M I S S I V I T I E S  WERE MEASURED 
F O R  A k I S O T R O P I C  Z T - T Y P E  C R A p H l T E  I N  !HE TEMPERATURE 
R A ~ L G E  1000-2000 c o  T H E  E M I S S I V I T Y  OF A SAMPLE 
ChANGES EVEN IF IT IS STORED A T  ROOM TEMPERATURE FOR 
A L O 3 G  T I M E .  T O  O B T A l N  THE T O T A L  E M l s S l V I T Y  OF A 
Y A T E H I A L ,  THE R A T I O  OF SPEC~FIC HEAT TO T O T A L  
EMiSSlVITY IS D E T E R M I N E D  FOR TAfuTALUM, TUNGSTEN, 
r4OLYkJOENUM, AND N I O B l U M  I N  THE T E M P E h T U R E  RANGE 
1OOi)-2000 C *  IN ALL CASES, I T  IS FOUND THAT 

I h O E P E N D E N T  OF TEMPLPATUREo THIS P E R M I T S  AN EASY 
AND ACCURATE D E T E R M I N A T I O N  O f  THE T O Z A L  f@ISS:YIfY OF 
A h Y  M A T E R I A L 0  ( A U T H O R )  ( U )  

’S?ECIFIC H E A T / T O T A L  E M I S S I V J T Y  IS A CONSTANT, 

9 

LOCKHEED PAL0 ALTO RESEARCH LABORATORY 
L O C K H E E D  M I S S I L E S  6 S P A C E  C O M P A N Y  
A Q R O U ?  D I V I S I O N  O f  LOCKHEED A I R C R A F T  C O R I O R A I I O N  



DOC HkPOHT 8 1 8 L I O G H A P H Y  S E A R C H  CONTROL N O 0  046510 

A3m.41’1 19’1 
C I N C I N N A T I  U N I V  O H I O  
R L L A T I O N  ~ E T ~ N E E N  S P E C I F I C  H ~ A T  AND E M I S S I V I T Y  OF 
TANTALUM A T  E L € V A T E D  TEMP€RATUl?ESe I U )  

O L S C R I P T I V E  NOTE: FIPJAL HEPT.8 JULY 6 1 m O E C  6 2 ,  
I V  

CUNTHACT: AF 33(6161-7123 
PNOJ: A F - 7 3 6 7  
TASK: 7 3 6 7 Q r  
MUNITOR: AS0 T O R - 6 3 - 3 7 1  

U N C L A S S I F I E D  HEPORT 

O L S C H I P T O R S :  (*REFRACTORY M E T A L S  AND ALLOYS,  
T A N T A L U M ) ,  ( * T A N T A L U M #  E m t S S l V ~ T Y ) ,  S P E C I f l C  
H E A T ,  MEASUREMENT, H I G H  TEMPLRATURE RESEARCH, 
E X P E H I M E N T A L  D A T A ,  T A B L E S *  

I D E N T l F J f 8 S :  1 0 6 3 r  

T H E  R A T L  OF C O O L I N G  IN VACUUM OF TANTALUM CYL 
I IUDERS QF V A R I O U S  SIZES H A S  BEEN S T U D I E ~  I N  THE 

EPSILON, @ A S  FOUNO T O  01; CONSTA&T: c SUB 

TEMPEeATUHE RANGE 1650 T O  1300 I(. THE R A T I O  Of 
S P E C I F I C  HEAT,  C SUB Po T O  T O T A L  E M I S S i V I T Y ,  

S I L Q N  0.226 0.004 CALICM/OEGREE K O  
I AUTHOR 1 
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1 
i 

irdC R E P O R T  d I B L I O G R A P H Y  S E A R C H  C O N T R O L  . .  NO, BL15506 

Au-607 539 
A M E R I C A N  M A C H I N E  A N D  F O U N D R Y  C O  A L E X A N D R I A  V A  A L E X A N D R I A  
D I V  
C O A T E D  R E F R A C T O R Y  M E T A L  E P I I T T A N C E  S P E C l M E N S t  ( U )  

DESCdIPTIVE N O T E :  R E P T O  F O R  1 M A Y  63-29 FEB 64, 
A U G  6 4  7 8 P  L E A V € N W O k T H &  W e  1JR.I 

S C H A T Z , E e  A t  I B R O ~ N X N G , H O  E,  i D U N K E R L E Y # F *  J *  1 

C u t i T H A C T t  A F 3 3  657 11330 
P n O J :  7 3 8 1  
T A S K :  7 3 8 1 0 3  
MONITCIRI ML , T O R 6 4  140  

S d P P L E M E N T A R Y  N O T E :  

U i i S C 3 J P T O H S ;  ( * R E F H A C T O R Y  M E T A L  A L L O Y S ,  C O A T I N G S ) ,  

L M I s S I V I T Y ,  S U R F A C C  P R O P E R T I E S ,  S T A B I L I T Y ,  N I O B I U M  

A L L O Y S ,  T A N T A L U M  A L L O Y S ,  V A N A D I U M  A L L O Y S ,  M O L Y B D E N U M  
A L L O Y S ,  S I L I C O N  C O A T I N G S ,  SILICIDES, C H R O M I U M ,  
c i I F F U S I O N ,  A L U M I N U M ,  B O R O N ,  S P E C T R O G R A P H Y ,  C H E M I C A L  
A N A L Y S I S ,  O X I O A T I O N U ,  R E F R A C T O R Y  C O A T I N G S ,  R E F L E C T I O N ,  
P I + O T O M I C R O G R A ~ H Y ,  H E E N T R Y  V E H I C L E S ,  T H E R M A L  P R O P E R T I E l U )  

L O C O A T I N G S ,  R E F H A c T O R Y  M E T A L  A L L O Y S ) ,  T H E R M A L  R A O I A T J O N ,  

A L L O Y S ,  T U N G S T E N  A L L O Y S ,  Z I R C O N I U M  A L L O Y S ,  C A R B O N  

- ._ -. - .. 
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O O C  REPORT 8 1 8 L I O G H A P H Y  SEARCH CONTROL NOo 8'15506 

A O m Y 6 6  356  
G t N E R A L  E L E C T R I C  CO P H I L A D E L P H I A  PA f l l S S I L E  AND SPACE 
O I V  

R L S J S T A N T  ALLOYS,  ( 0 )  
' T O T A L  H E M I S P H E R I C A L  E M I T T A N C E  OF OXIQIZED H E A T  

AUG 6 4  30P D E S A N T I S , V O  J-0 I 
NgPTo N O 0  R 6 4 5 0 6 0  

U N C L A S S I F I E D  NEPOHT 
O u C  USERS 

SUPPLEMENTARY NOTE: 

~ L S C R I P T O R S ~  ( * H E A T ~ R E S I S T A N T  M E T A L S  + ALLOYS,  
LMISSIVITY), ( * C O A T I N G S ,  H E A T m R E S I S T A N T  METALS + 
A L L O Y S ) ,  S T A I N L E S S  S T E E L ,  N I C K E L  ALLOYS, CHRQMIU@ 
A L L O Y S ,  MOLYBOENUM A L L O Y S #  COBALT ALLOYS, TUNGSTEN 
A L L O Y S ,  T t I E R M O E L E C T R I C I f Y ~  HkAT TRANSFER, ' 

TEbiPERATUREc VACUUM, X - R A Y  D I F F R A C T I O N  A N A L Y S I S ,  

I D E N T S F I E H S :  YASTELLOY (ALLOY), HAYNES A L L O Y  25 ,  
JXIOESi F I L M S ,  CI i f tOMIUM COMPOUNDS, AOHESION ( U )  

HASTELLOY Na CHROMIUM ( I f 1 1  OXIDE ( U )  
S T A f N L E S S  S T E E L  309, S T A I N L E S S  S T E E L  10"90L, 

T H I S  REPORT G I V E S  A D E S C R I P T I O N  OF THE E X P E R l M E N T A L  
W O R K  L E A D I N G  T O  THE DEVCLOPMENT OF A PROCESS T O  
PRODUCE S T A B L E  H I G H  E M I S S I V I T Y  C O A T I N G S  ON SECECTED 
S T A I N L E S S  S T E E L  AND SUPER ALLOY BASE METALSO THE 
THREE ( 3 )  ALLOYS S T U D I E D  WEHE TYPE 304 
STAINLESS STEEL,  n A s t E L L o y  N AND H A Y N E S  
A L L O Y  2 5 0  A GENERAL D E S C R I P T I O N  OF THE METHOD 
USED I N  MEASURING T O T A L  H E M I S P H E R I C A L  E M I S S I V I T Y  I S  
G I V E N  ALONG WSTH T H E  DETERPIINATION Of  THE S T ' A B ~ L ~ T Y  
OF E M I S S I V I T Y  AT TEMPERATURES I N  EXCESS OF 800 C I N  
VACUUM OF Oe000005 T O R R  OR & E S S q  HESULTS OF 
T L S T S  D E S I G N E D  TO O L T E R M I N E  C O A T I N G  ADHERENCE AND 
M E C H A h I C A L  I N T E G R I T Y  A R E  G I V E N O  A R E V i € W  OF-THE 
P E R T I N E N T  L I T E R A T U R E  IS P R E s E N T ~ D  I N  A P P E N D I X  I e  
(AUTHOR 1 ( U )  
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3DC r iEPORT B I B L I O G R A P H Y  SEARCH CONTROL NO. 895506 

A d - 2 9 9  4 1 7  
M A R u u A R ~ T  CoRP V A N  NUYS CALXF 
E M I T T A N C E  S T U D I E S  OF V A R I O U S  HIGH 1EMPERATURE 
MATERIALS AND C O A T I N G S  (U) 

hAd 63 i v  SKLAREW8S.I 
R E P T I  NO. PR 281 39 A 
CLlNTRACT: AF33 657  8707 

U N C L A S S I F I E O  REPORT 

D L S C R I P T O d S I  * C O A T I N G S ,  *HEAT R E S I S T A N T  M A T E R I A L S 8  
ALUMINUM COMPOUNDS, BLACKBODY R A D I A T I O N ,  C A R d I D E S ,  
COdALT COHPOUNDS,  E M I S S I V I T Y ,  E Q U A T I O N S 8  EXPERIMENTAL 
D A T A $  FLAME S P R A Y I N G ,  G R A P H I T E ,  HIGHaTEMPERATURE 
H E S E A R C H ,  I R O N  COMpOUNUS, J E T  FLAMES,  LOW-PRESSURE 
~ ~ E S E A R C H ,  MANGANESE CONPOUNPS, N I C K E L  COMPOUNDS, Ox;oF;S, 
~ E F R A c T O H Y  COATINGS, S I L I C O N  COMPOUNDSB TANTALUM, 
T I T A I J I U M  ALLOYS ( U ,  

L M I T T A N C L  STUDIES OF V A R ~ O U S  H I G H  TEMPERATURE 
M A T E a I A L S  AN0 COATINGS. 

- - -- -- - - . _-_- - 

O E S C R I P T O n S :  * N I O B I U M  A L L O Y S ,  DETERMI,IATIO I 8  EMlSSI 
FJf5H4 'EMPERATURE HESEARCH, T A N T A L U h  A L L O Y S  

SPECTRAL AND T O T A L  E M I T T A N C E  OF HAYNES C8 752 AND FANSTEEL 
6 2  ALLOYS A T  TEMPERATURES FROM A800 10 3000 F a  

i 

13 

LOCKHEED PAL0 ALTO RESEARCH LABORATORY 
L O C K H E E D  M I S S I L E S  S P A C E  C O M P A N Y  
A G R O U P  D I V I S I O N  O F  L O C K H E E D  A I R C R A F T  C O R P O R A T I O N  



A O m ~ 9 r  345 
S A T T E L L f  H E N O R I A L  I N S T  COLUMBUS OHIO OEFENSE M E T A L S  
1 i b F i i R ~ l A T  1 ON CENTEft  
T ~ E ~ z M A L  R A D ~ A T I v E  P R O P E R T I E S  OF S E L E C T E D  
HATER I AL ( U )  

hOV 62 1 v  I O O D , W r 0 e 1 0 E E M ~ ~ r W * t L U C K S , C I F , 1  
RiPT. NO. 1 7 7  V I  
CONTRACT:  AF33 616 7747  

UNCLASS~FIED REPORT 

D i i S C i t I P T O H S I  *HEAT R E S I S T A N T  METALS + ALLOYS, CHROHIUMD 
CHROMI;UM ALLOYS,  COBALT,  COBALT ALLOYS,  D A T A (  IRON, I R O N  
ALLOYS, f l E I A L S ,  MOLYBDENUM, MOLYboENUM ALLOYS,  NICKEL, 
h l C K E L  ALLOYb, N J O B ] U M ,  N I O B I U M  ALLOYS, REFRACTORY 
M k T E r ( 1 A L S ,  S T A I N L E S S  STECL,  TANTALUM, TANTALUM ALLOYS, 
J H E R H A L  H A D I A T I O N ,  TITANIUM, T I T A N I U M  ALLOYS, TUNGSTEN, 
TUNCSTLN A L L O Y S  ( U )  

T A E R I Y A L  R A O I A T I V E  P R O P E R T I E S  of SELECTED M A T E R I A L S ,  
COIIP~LAT~OIY* T I  AND T I  ALLOYS. S T A I N L E S S  STEEL,  F E - 8  N I - @  
C O O B A S E  ~ s U P E R A L L O Y S ,  REFRACTORY METALS AND THEIR ALLOYSO 
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33C AEPOHT B I B L I O G R A P H Y  SEARCH CONTROL NO. 845506 

A0-26Y 7 8 4  
t 3 A T 7 E ~ L i i  M E M O R I A L  1NST COLUMBUS O H I O  DEFENSE METALS 
I N F C i S h A T  I ON CENTEH 
T H E  EPI ITTANCE OF CHHOMIUH8 COLUMBIUM, MOLYBDENUM8 
TANTALUM, AND TUNGSTEN tu) 

uEC 41 1v I O O D , W O D ~ I O E E M ~ H ~ W O ~ L U C ~ ~ , C ~ F ~ ~  
d i P T *  NO, M 1 4 1  

UIVCLASSIFIED REPORT 

O i S C R J P T G H S :  * C H H O ~ ~ I U M ,  ,MOLYBDENUM, * N I O B I U M ,  
* T A ~ T A L U P I ,  *THFrRMAL RAQIATION, *TUNGSTEN, ABSORPTION,  
A L L O Y S ,  6LAChBODY R A D I A T I O N ,  B R I G H T N E S S ,  D A T A (  
L M ! S s I J I T Y ,  h E A 7  TRANSFER, METALS, MONOCHROMATIC L I G H T ,  
U P T I C A L  E Q U I P M E N T 9  R A D I A T I O N  PYROMETERS, R E F L E C T I O N ,  
S P E C T R O P ~ O T O M E T E R S ,  TABLES,  T E S T  EQUIPMENT, T H E R M I O N I C  
L M I S S I O N ,  THERMISTORS:  THERMOCOUPLES ( U )  

A C O M P I L A T I V N  IS PRESENTED OF O R I G I N A L  TEST DATA ON 
EMITTANCE, HEFLECTANCE,  AND A D S O R P T A N C E  OF C R ,  
N d ,  M G ,  TA, AND w, THE DATA WERE TAKEN F R O M  
THE L i T E R A T 3 R E  PUaLlSHEO D U R I N G  THE PERIOD 1940-1959 
INCLUSIVE, AND A S  MUCH OF THE 1960 L I T E R A T U R E  AS 
COULD ~ t ; ;  O~TAINEO, THE FOLLOlY lNG SOURCES #ERE 
SEAiiCrlEI):  C h E M I C A L  ABSTRACTS(  CERAMIC 
A ~ S T F I A C T S ,  M E T A L L U R G I C A L  ABSTRACTS, NUCLEAR 
S C I E N C E  A B S T R A C T S ,  AND THE F I L E S  OF THE DEFENSE 

A T T L M F T  .NAS M A D E  TO E V A L U A T E  THESE SOURCES OF D A T A  
METALS A N F O H I ~ A T I O N  CENTER ( D M I C l q  AN 

ACCORDING TO T H S  APPARENT THOROUGHNESS OF METHODS 
AND T E C a N I Q U E S  AS D E S C R I B E D  B Y  THE VARIOUS 
I N V E S T I b A T O f i S o  I N  MANY CASES THE D E S C f t I P T I O N S  I N  
THE L I T L R A T U R E  A R E  A SUMMARY OF METHOOS AND RESULTS,  
AND A COMPLCTE L V A L U A T I O N  IS I M P O S S I B L E ,  CURVES 
ARE P R E ~ E N T L D  l n I c H  APPEAR T O  I N D l C A T E  THE MOST 
P ~ O O A ~ L &  V A L U E S  FOR THE V A R $ o U S  C O N D I T I O N S  AND 
M A f t ; R I A L S o  (AUTHQR, ( U )  

.. . . .. . . - -. - -- .- .. 
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955CRIPTadS; * I N F R h R E D  R A D i A T l o N I  *REFRACTORY M A T E R I A L S ,  
*sGL, \R F U R N A C E S ,  BLACKBODY R A D I A T I O N ,  INFRAREQ 
> ? f C T R O S c O P Y ,  LAdOiZATORY FURNACES, MEASUREMENT, 
S P E C f R O G H A P H l C  A N A L Y S I S  ( U )  

,:I 
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ODC REPORT 8 f B L I O G H A P H Y  S E A R C H  CONTROL N O o  046518 

A0-697 761 1912 
PUROUE U N l V  L A F A Y € T T C  I N 0  T l l € R M O P H Y S l C A &  PROPERTIES 
RESEAffCH CENTER 
O E T t H M I N A T I O N  OF THLRMAL AN0 E L E C T R I C A L  
C D N P U C T I V I T Y ,  E f l f T T A N C E  A N 0  THOmSON C O E F F I C I E N T  AT 
H I G H  TEMPERATURES BY D I R E C T  H E A T I N G  HETHOOSO tu) 

O f S C R I P T I V E  NOTE: T E C H N I C A L  R E P L  1 3 U L  68"30 3UN 698 
O C T  69 7 1 p  TAYLOR,RAYMONO Lo IDAVISO 

FkEDERICK E o  IPOWELheREC1NALD w e  I K l n B R O U G H e  
JVILBUR 0.0 I 

CGNTHACTI F33615-69-C*1229 
PHOJ:  A F - 7 3 8 1  
T A S K :  738106 
MONITORS A f M L  TU-69-39-277 

U N C L A S S l F f E D  REPORT 

O k S C R I P T O R S I  ( * H ~ G H - T E M P E R A T U R E  RESEARCH, T H ~ R M A L  
C O N D U C T I V I T Y ~ ,  ( *THERMAL C O N D U C T I V I T Y ,  
P l E A S U R E M E N T ] ~  R A R f A T l O N  PYKOMETE~IS, M E A S U R I N G  
DEVICES(ELECTRICAL + E L E C T R O N I C )  8 H E A T I N G ,  
L L ~ C T R I C  CURRENTS, E C E C T R I C A L  CONDUCTANCE, 
L M I S S I V I T Y I  DATA PROCESSING SYSTEMS, SURFACE 
TEMPERATURES, VOLTAGE, ACCURACY8 TANTALUM0 
TUNGSTEN, P Y R O L Y T I C  G R A P H I T E  I U I  

IOENTIFIERSS R E S I S T A k C E  H E A T I N G 8  O P T ~ C A L  
PYROMETERS@ THERMOPHYSICAL P R O P E R T I E S ,  SPECTRAL 
CMITTANCE, COMPUTATfON, R E P R O D U C I B I L I T Y ,  
TEMPERATURE P R O F I L E S ,  THOMSON COEFFICIENT t u )  

PROGHkSS ON A PROGRAM FOR E V A L U A T I N G  D I R E C T  
E L E C T t t I C A L  H E A T I N G  METHODS foft  HIGH T E ~ ~ P E H A T U R E  
ThEHMAL C U N D U C T I V I T Y  O E T E R M I N A T I O N S  IS P R E S ~ N T E O o  
RECfrJT M O O I F I C A T 1 0 N S ,  H l t l ICH I N C R E A S E 0  THE 
TEMPERATURE C A P A B I L l T I E S  OF THE A P P A R A T U S ,  PROTOCTEO 
ThE SAMPLES F R O M  C O N T A M I N A T I O N  AND lMpROVEO THE 
ACCURACY AN0 S I f l P L I C 1 t Y  OF THE HEASUREYENTSB ARE 
D E S C R I B E D O  A METHOD FOR C A L C U L A T I N G  THE THERMAL 
C O N D U C T l V I T Y  U S I N G  ANY THREE T E M P E R A T U R E  VERSUS 
POSITION D A T A  POINTS  POINT METHOD)  OF A 
TEMPERATURE P R O F I L E  @AS DEVISED. U S I N G  THIS 3- 
P O I N T  METHOD, HUNDREOS OF C O N O U C T I V l T Y  VALUES CAN BE 
CALCULATED PER TEMPERATURE P R O F I L E 0  C O M P U T A T I O N A L  
SCHEMES !IIHICtl U T I L I Z E  M U L T I Y L E  O A T A  P O I N T S  OH THE 
OUTPUT OF THi: 3mPOINT P R O G R A M  AHE BEING OEVELOPE.De 
S U B S T A N T I A L  IMPROVEMENT IN -THE ACCURACY AND 
R € P R O O U C Z 6 I L t T Y  OF THE COMPUTED T n E n f l ~ L  C O N O U C T i V J T y  
VALUES HAS BEEN O8TAINED UslNG THESE SCHEMES. IN 
A O D I T I O F J D  VALUES F O R  THE THOHSON COEFFICIENT A R E  
D E d i V E D o  O A T A  ON THERWAL C O N O U C T I V I T V ~  T O T A L  
H E H l S P H € R I C A L  E M I T T A N C E ,  S P E C T R A L  EEl IT ' tANC€ 1 0 e 6 S  ( U )  

__  . . . - -- 
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D O C  Hef'OHT i $ I B L I U G H A P H Y  S E A R C H  CONTROL N O 0  045518 * 

A U - 4 3 9  755 
B O C I N G  C O  S E A T T L E  WASH 

,: E V A L U A T I O h  OF C 8 - 7 5 2  COLUMBIUM ALLOY ( C B - 1 0  PERCENT 

M A R  63 $ 8 p  BAGGfRLY,Ro (IO ITORCERSON,Ro 
W-2.S PERCENT ZHl, ( U )  

T o  1 
REPTO NO*  02 35195 

AN E V A L U A T I O Q  OF H A Y N E S - S T E L L I T E  C B - 7 5 2  
COLUMdlUM ALLOY (CB110W-2r5ZR) HAS ~ E E N  
CONUUCTED T O  E S T A b L I S H  I T S  POTENTIAL 4 s  A STRUCTURAL 
M A T E H I A L  F O R  R E - E N T H Y  VEHICLESI PHOPEHTIES WH1CH 
WEHE I N V E S T I G A T E D  1lJCLUi)E T E N S I L E  P R O P E R T I E S  T O  
30OCIf,  C R E E P  P R O P t R T I E S  T O  3000 P I  F O R M A B I L I T ' Y ,  
D U C T I L E  B R I T T L E  T R A N S I T I O N  TEMPERATURE, F U S i O N  
I E L D I N G #  P R O T E C T I V E  COATING,  O X I D A T I o N  RESISTANCE AND 
E M I T T A N C E 0  T E S T I N 6  VIAS cONOUCTEO 01010 T O  00035  
IN* SHEET F R O M  THREE HEATS OF M A T E R I A L D  (AUTHOR) 

( W )  
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AU-'119 020 
C A L Z P O H N I A  UNIW e E R K E L e y  f N S T  O F  E N G I N E E R I N G  
R k S E A H C H  
THERMAL R A O I A T I O N  P R O P E R T I E S  OF M A T E R I A L S ,  PART 
1 1 1 .  I U )  

D L S C R I P T I V E  NOTE: F I N A L  f i E P T a ,  

CONTRACT: AF33 657 7 7 9 3  
P N O J ;  7360  
T A S 6 ;  736001  
M O N ~ T O H ;  UAOD Ti460 3 7 0 ,  P T c  2 

AUG 6 3  68P S E B A N B R . A * I  

U N C L A S S I F I E D  REPOHT 

O r S C R I P T O R S ;  ( * M E T A L b t  THEt3MAL R A D I A T I o N ) B  
( * A L L O Y S ,  THERMAL H A U I A T I 0 N ) o  ('THERMAL R A Q I A  
T ]ON,  M E T A L S ) ,  M A T k R I A L S ,  E M i S S I V l T Y ,  P L A T I  
NUN, N I C K E L ,  MOLYBOENUMI COPPER, N I C K E L  ALLOYS, 

COfii'OUNDSp O i O X I O E S ,  O X I D A T I O N ,  COATINGS,  METAL 
C H ~ ~ O M I U M  A L L O Y S ,  S T A I N L E S S  S T E E L ,  T i T A N J U M  

C O A T I N G S ,  A B S O R P T I O N  SPECTRUM. 
I o E N T i F l E R S ;  1 9 6 3 .  

THE EFFECT O f  T€MPEKATURE ON T H k  NONMAL SPECTRAL 
E M I T T A N C E  I N  THE RANGE F R O M  1 To 15 MICRONS IS 
DEMONSTRATED FOR C E H T A I N  P O L I S H E D  M E T A L S  AND SOME 
OXIDIZED A N D  COATED M E T A L S  U Y  A COMPAHISON OF 
A u S O ~ P T A N C E S  MEA SUR^:^ A T  R O O M  TEMPERATURE AN0 
E M I T T A N C E S  MEASURED A T  TEMPGRATURES OF THE O R O E R  OF 
2 0 0 0  T O  2 5 0 0  R. THE E M I T T A N C E S  NERE O ~ T A I N E D  IN 
A SYSTEM DESIGNED AND C O N S T R U C T ~ D  I N  T H E  PRE V I O U S  
PHASE OF T H I S  RESEARCH AND THESE RESULTS ARE AFFECTEO 
B Y  T H L  L E S S  THAN O P T I M U M  O P E R A T ~ O N  OF T H I S  SYSTgM, 
BY CJHICH C O N T A M I N A f i O N  OF THE SAHPLE OCCUflRED,  
I R R E G U L A R L Y  au t  C O N S I S T E N T L Y .  THE Rt ;SULTS FOR 

COHHESPONDENCE JYITH THE HAGEN RUBENS LAW WHICH I S  
I M P L I E D  8Y A V A I L A B L E  R E S U L T S  ON THE T O T A L  NORMAL 
EPi ITTANCE,  THOUGH THE COR R ~ S P O N D E N C E  I N  T H I S  
SPECTRAL RANGE MUST B E  AT T R I B U T E D  T O  ANOMALOUS 
EFFECTS.  W I T H  OXIDES AND W I T H  COATEO M A T E R I A L S  
T h E  EFFECT OF TEMPEHA TURE ON THE SPECTRAL VALUES 
APPEARS TO BE SMALL AND L O C A L i Z k D o  THOUGH W I T H  SOME 
M A ' T g R I A L S  THESE AH€ f N D i C A f l O N S  OF PERMANENT CHANGES 
I N  THE E M I T T A N C E  A S  THE PERlOO OF EXPOSURE - .  T O  H J G H  
TEMPERATURE IS INCREASEQI  (AUTHOR) ( U )  

P T O  N I (  AND FE R E V E A L  A T  H I G H  TEMPERATURE THE 
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, S O U T H € R N  RESEARCH I N S T  B I H M l N C H A M  A L A  

THE T n E t 4 t l ~ L  P R O P E R T I E S  OF TWENTY-S IX  S O L I D  M A T E R I A L S  
T O  5000 OECHEES F O R  THEIR DESTRUCTION 
T E n P E d A T U R E S  ( U )  
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OCSCRiPTOHS: *HEAT R E S I S T A N T  M E T A L 5  ALLOYS, 
* R E F R A C T O R Y  M A T E R I A L S ,  BORIDES,  CARBIDES, D E N S I T Y ,  
E L E C T R I C A L  P A O P E f i T I E S ,  E M I S S I V I T Y t  GRAPHITE, MECHANICAL 
P R O P k R f I E S e  MICROSTRUCTURE, MOLYODENUM ALLOYS, N I O l j i U M  
ALLOYS,  NITRIDES, O X I D E S ,  THERMAL C O N D U C T I V I T Y ,  THERMAL 
LXPANSION, T H E R M O E L E C T R I C I T Y  t u )  

THERNAL P R O P E R T I E S  OF 26 S O L I D  M A T E R I A L S  TO SO00 F 
O R  T H E I R  O E S t R U C T t O N  TEMPERATUMESa 
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POLISHED MECALS = P A R T  I 1  t u )  

J A N  63 A V  A B B O T T , G ~ L I I A L V A R E S , N ~ J ~ ~ P A R K E R ,  
W e J o I  

MONITOR: ASD Ti461 9 4  P 2  

U N C L A S S I P I E O  REPORT 

DESCRlPTOHS; *RESISTANCE ( E L E C T R I C A L ) ,  DATA, D E S I G N ,  
E M f S S I V I T Y ,  IiIGHm'J'EMPERATURE RESEARCH, M f C R O S f R U C T U R L ,  
MOLYbDENUM, PLATINUM, R A D I A T I O N  MEASUREMENT SYSTLMS 
COMPONENTS t u )  

T O T A L  NORYAL AND TOTAL H E M I S P H E R i C A L  E M I T T A N C t  Or 
P O L I S H E D  MOLYBOENUH AND P L A T I N U M o  
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U b C L A S S I F I E D  REPORT 

Ot.SCH1PTORS; ( * R E F d A C T O R Y  METALS,  E M I S S I V I T Y ) ,  
( * m i s s f v I T Y ,  R E F R A C T O R Y  M E T A L S ) ,  THEKMAL RADIATION, 
r U I G B I U M ,  T A N T A L U M ,  TUNGSTEN, HIGHTEMPERATURE RESEARCH, 
TEMPERATURE, R E S I S T A N C E  ( E L E C T R Z C A L I ,  MEASUREMENT, 
~ L J ~ F A C E S ,  I N S T R U M E N T A T I O N ,  THERMOCOUPLES, MDLYBDENUMo 
P L A T l N U M  IU) 

1 U E h T I F I E R S ;  T H E R M O P I L E  (Ul 

THE T O T A L  H E t l I S P H E R I C A L  E M I T T A N C E ,  THE T O T & +  NORMAL 
E M I T T A N C E ,  AND THE V A R I A T I O N  O f  E L E C T R V A L  
H E S I S T I V I T Y  l V I T H  TEMPERATURE VvERE VEASUHED ON AGED 
SURFACES OF TANTALUM, N I O B I U M ,  A N D  T u N G S T k N  I N  A 

A ( S U B J E C T  TO THE M A T E R I A L ) ,  I N  ADDITION, TWE 
b:Qi;Zi4AL S P E C T R A L  E M I T T A N C E  A T  0165 MICRON JVAS 
H E A S U K E D  ON T A N T A L U M  AND N 1 0 8 1 U f l e  THE T O T A L  
H E K I S P H E R I C A L  E M I T T A N C E  uVAS O B T A I N E D  F R O M  THE 
M E A S U R E O  P O l E R  O I S S I P A T I O N  W I T H Z N  THE UNIFORM 

HEATED RIBr3ONt  I T S  TEMPEAATJRE B E I N G  MEASURED WiTH A 
TriEHMOCOUPLE OR AN O P T I C A L  PYROMETER WHEN THE 
SPECTHAL E M I T T A N C E  I A S  KNOWN* THE T O T A L  NORMAL 
E M l T f k N C E  WAS OET€RMINEO BY U S I N G  4 R A D I A T J O N  
T H E R M O P f L E e  THE R A T I O  OF TOTAL HEMISPHERICAL T O  
T O T A L  NORMAL E M I T T A N C E  I A S  A l S O  CALCULATED DlRECTLY 
FliQil THE ANGULAR D I S T R I B U f I O N  OF H A O I A T I O N  OBTAINED 
BY R E V O L V I N G  THE R I B B O N  r ' J I f H l N  THE FIELD OF VIEW OF 
ThE Tt iERMOPICEo SOME DATA ARE ALSO I N C L U D E D  O N  

V A C U U M  O V E R  A TEMPEHATURE RANGE FHOM 1000-K T O  3000  

T E W E i t A T U R E  N E C I O N  A T  THE C E N T E n  OF A N  E L E C T R I C A L L Y  

MOLYBDENUM F R O M  A P R E V I O U S  R E P O R T O  ( A U t H O R )  ( U )  

. . . . . . . . . ___. --. .__._ _. 

21 

LOCKHEED PAL0 ALTO RESEARCH LABORATORY 

A O R O U , P  D I V I S I O N  at  L O C K H E E D  A I R C R A F T  C O R P O R A T I O N  
L O C K H E E D  M I S S I L E S  6 S P A C E  C O M P A N Y  



A73-22068 ISSIJE 9 PAGE 1725 CATliGORY 23 00 
/ O O / O O  UNCLASSlPIED DOCUMENT 

' f ' unys t en  erttissive properties 
( r u n q s t e n  e m i s s i v i t y  a n d  radiance p r o p e r t i e s  ob 

A/VUJNOVIC, V, (AA/ZAGHEB, SVEUCILISTE, ZACRE 

OPTICAL SOCIETY OF AMERICA, JOURNAL, VOL. 6 0 ,  

t a i i i e d  a t  h i g h  surface t e m p e r a t u r e s )  

B, YUGOSLAVIA/*) 

P. 177-179, RESEARCH SUPPORTED BY THE YUGOSLAV PED 
EHAL FUND FOR S C I E N T I F I C  WORK. 

/ * E M I S S I V I T Y / * H A D ~ A N C E / * S U R ~ A C ~  TEMPERATURE/*T 
UNGSTEN/ HIGH TEfiPERATURli TESTS/ OPTXCAL PATHS/ TE 
MPEiiATUHE EFFECTS/ WAVELENGTHS 

k73-19U9U I S S U E  7 PAGE 1313 CATEGOBY 17- AP 
33/615/-67-C-1445 69/00/00 U N C L A S S I P I d D  DOCUM 

ENT 
T h e r m c i l  c o n d u c t i v i t y  a n d  total e m i t t a n c e  of t a n  

t a lu lo ,  t u n g s t e n ,  rhen ium,  Tn-lOW, TI 11, T222, a n d  
W-2Sae iu t h e  t e m p e r a t u r e  range 1500-2dOO K 

( T h e r m a l  c o n d u c t i v i t i e s  and  t o t a l  e m i t t a n c e  of 
Td, Y, R e  a u d  alloys a t  h i g h  t e m p e r a t u r e s  c o m p a r e d  

A/BOCH, Ec.; B/JUN, C. K. (AA/CINCXNNATI, I f . ,  

--__ - - . 

u i t h  N U S  v a l u e s )  

C INC IN N A T 1  8 OH I O/o ) 
LONDON, l3UTTERWORT~l AND CO. /PUULISi iZHS/ ,  LT 

D, SYMPOSIUH SUPPORTED BY THE INTiiNNATIONAL U N I O N  
OF PURE A N D  APPLIED CHEMISTRY, THE ADVANCED H E S E A  

HCM PHOJECTS AGENCY, TllE 0 . S .  AIR FORCE, THE 0.S. 
ATOMIC U N E R G Y  COMMISSION, THE NATIONAL SCIENCE E'OU 
NDATLON, A N D  N A S A .  I N -  HIGH TEMPEHATURE TECHNOLO 
CY, PROCEEDINGS OF THE T H I R D  INTERNATIONAL SYMPOSI  
UB, P A C I P I C  GROVE, CALXEO, SEP, 17-20, 1967, P o  5.3 
5-5450 /A70-19876 07-17/ 

/*EMITTANCe/*BEPRACTORY METAL ALLOY S/*HEFHACTO 
BY fiETALS/*TABLES (DATA)/*THEHMAL CONDUCTIVITY/ CO 
NFERENCES/ HIGH TEMPERATURE HESEARCH/ R H E N I U M  ALL0 
YS/ TANTALUH ALLOYS/ TEMPERATURE EPFECTS/ TUNGSTEN 

ALLOYS 
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T o t a l  and s p e c t r a l  e m i t t a n c e  of cobalt, 
(To ta l  a n d  s p e c t r a l  emit tance of cobal t  s u r f a c e  

s c o n d i t i o n e d  b y  e v a p o r a t i n g  some coba l t  from s u r f  
ace a t  h i g h  t e m p e r a t u r e  i n  vacuo)  

A/GOEL, To C o ;  B/JAIN# So Co; C/NARAYAN, V o  
( A B / X N I ) I A N  INST,  O F  TECII,, NATIONAL PHYSICAL LAB- 
Ol? I N D I A ,  NEW DELHf, I N D I A / ,  AC/INDIAN INST. OF T 

ECHO, NZM DELHI, INDIA/.) 
COBALT, P o  191-195. 19 REFS, 
/*COBALT/*EfiITTAICE/*HXGH TEHPBRATURE RESEARCH 

/*SPECTRAL EPIISSION/ BLACK BODY RADIATION/ EVAPORA 
TION/ HOT SURFAC$S/ METAL SURPACES/ RADIATIVE HEAT 

TRANSPER/ SURFACE Y I N I S H I N G /  SURFACE ROUGHNESS EF 
PECTS 

A6Y-15894 I S S U E  5 PAGE 845 CATEGORY 33 68/  
06/09 UNCLASSIFIED DOCUHENT 

E x p e r i m e n t a l  s t u d y  of t h e  e f f e c t  of t h e  s imilar  
ity fac tor  on t h e  r a d i a t i n g  power  / e m i s s i v i t y /  of 
metals.  

( E m i s s i v i t y  of r o u g h  metallic surfaces w i t h  p r e  
s e rved  p r o f i l e  s i m i l a r i t y ,  s h o v i n g  i n d e p e n d e n c e  t o  

A/GORDON, A, R , ;  B/KOVALEV, I. I,; C/PIELNIKOV 

HIGIi TEMPERATURE, VOL, 6 ,  Po 419-423- 10 REFS. 
/TEPLOPIZIKA VYSOKIKH TEi'IP&RATUR, VOL, 6 ,  flAY-J 

ON, 1968, PI 436-441./ TRANSLATION, 
/+EMISSIVITY/*METAL SURPACBS/?SURPACE ROUGHNES 

S EFFECTS/ MOLYBDENUM/ NIOW.Uil/ PYROMETEBS/ STEFAN 
-BOLTZMABIN LAW/ TEBPERATURE PROFILES 

roughness h e i g h t )  

A 8  I o  A m ;  D/TARTAKOVSKAIA, Po He 
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T h e r m a l  c o n d u c t i v i t y  of metals a t  h i g h  t e m p e r n t  
U t e s  b y  t h e  J a i o  and K r i s h n a n  method, I - Nickel .  

( i i iqh  temperature N i  t h e r m a l  C o n d u c t i v i t y  deter 
mined by improved Jairi and Krishnan m e t h o d ,  n o t i n g  
electrical  c o n d u c t i v i t y  and t o t a l  a n d  s p e c t r a l  em 

i s s i v i t i e s )  
AIGOBL, g r ,  c,; B/JAIIN,  s. c. ( A l 3 / I N D I A N  INST . OP T K H . ,  DEPT. OF PHYSICS, NATIONAL PIiYSICAL LA 

B o  OF I N D I A ,  NEW DELHI,  I N D I A /  A A / I N D I A N  INST,  OF 
TECH-, DEPT. OF PHYSICS0 NEW DELHXe INDIA/,)  

JOURNAL OF PIiYSICS, PART D - B R I T I S H  JOllRNAL 0 
F APPLIED PHYSICS, VOL, 1, P, 573-580, 

/ *HIGH TEMPERATURE TESTS/*MICKEL/*THEBMAL COND 
UCl'LVXTY/ ELECTRICAL RESISTIVITY/  E#ISSIVXTY/ SPEC 
TRAL EFiXSSION/ TEMPERATURE D I S T R I B U T I O I /  TEBPERATU 
RE EPFECTS 

A65-22053 ISSUE 12 PAGE 1716 CATEGORY 17 A 
F 33/616/-7123 65/04/00 UNCLASSIFIED DOCUMENT 

Rela t ion  between spec i f i c  h e a t  and t o t a l  emitta 
nce i n  t an ta lum,  n i o b i u m ,  t u n g s t e n ,  and molybdenum 

( S p e c i f i c  heat relation t o  t o t a l  emittance i n  t 
antalum, n i o b i u m ,  t u n g s t e n  and m o l y b d e n u m )  

H, V, L. (AA/CINCINNATI, U . 8  HATERIALS SCIENCE P 

0 

A/HOCU, B / I Y E R 0  A -  So; C/NARASIMHAMUETY~ 

BOGRAM, CINCINNATI, OH10/*) 
JOUHNAL OF PtiYSICAL CHEMISTRY8 VOL- 69, APR- 

1965, P. 142001423o 
/*RAD1 ANT ENERGY/*R EFR ACTOR Y MET B L/*SPECIFIC H 

EAT/ ~ M X S S I V I T Y /  E N E R G Y /  HEAT/ H I G ~ ~  TDHPERATURE/ a 
ATERIAL/ METAL/ HOLY BDENUM/ NIOBIUM/ PHEPARATION/ 
RADIANCE/ REFRACTORY/ SPECIFIC/  SUBPACE/ TANTALUfl/ 

TEMPERATURE/ THPRHAL/ TOTAL/ TUMOSTEN/ VACUUM 

i 
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65/04/00 UNCLASSIFIED DOCUMENT 

Normal spec t ra l  emissivity of isotropic  and a n i  
sot ropic materials, 

( C r y s t a l l o g r a p h i c  o r ien ta t ion  effects on IR EM1 
SSXVITY of i s o t r o p i c  n i c k e l  and an i so t rop ic  g r a p h i  
te a t  high temperatures) 

A/AUTXO. G o  Urn; B/SCALA, E* (AB/CORNELL U. , 
ITHACAi N o  Y o / - )  

A I A A  JOURNAL. VOL, 3, APR. 1965, P. 738-740, 

/*CRYSTAL S T H U C T U H E / * G R A P H I T E / ~ I N P ~ ~ R ~ D  RADIAT 
ION/*NICKEL/*RADIANT ENERGY/ AbJ.XSOTROPY/ CRYSTAL/ 
CRYSTALLOGRAPHY/ EMISSIVITY/ ENERGY/ H I G H  TEMPBRAT 
URE/ INPRARED/ ISOTROPY/ NOBPIAL/ ORIENTATION/ R A D 1  1 

NICE/ RADIATXO#/ R E S I [ S T I t l I T Y / ,  SPECTROta/ STBUCTURE 

9 REPS. ABPA-SUPPORTED RESEARCH. 

A64-24480 ISSUk LO CATEGORY 18 64/00/00 U N  
CLASSIFI&D DOCUMENT 

D e t e r m i n a t i o n  and a p p l i c a t i o n  of t h e r m o p h y s i c a l  

( T h e r m a l  d i f f u s i o n ,  e m i s s i v i t y ,  h e a t  c a p a c i t y ,  
t h e r m a l  c o n d u c t i o n  a n d  h e a t  i n d u c e d  s t r u c t u r a l  cha 
n g e s  i n  re f rac tory  m e t a l s )  

p rope r t i e s  of refractory metals. 

A/HIECK, G o  D o  (AA/EINDHOV&N, TECHNICAL U - 8  E 
INDHOVEN, NETHERLANDS/-) 

I N -  THE SCIENCE A N D  TECHNOLOGY OF TUHGSTEN. 
TANTALUM, MOLYBDENUM, NIOBIUM A N D  THEIR ALLOYS, PR 
OCEEDXNGS OF THE NATO AGARD CONFERENCE ON REFRACT0 
R Y  METALS. OSLO U- CENTRE, OSLO, NORWAY. J U N -  23-2 
6 ,  19630 EDITED BY N o  E. PROMISEL- AGAHDOGRAPH 8 2  

OX&?ORD8 PEBGAfiON PBESS, 1964,  P o  205-217. 104 RE 

/*HEAT EFFECT/*REERACTORY METAL/*THERflOPHYSICA 
L PROPEMTY/ CAPACITY/ CUANGE/ DlFFUS ION/  EFFECT/ E 
ClISSIVITY/ MOLYBDENULI/ NIOBIUM/ STRUCTURE/ TANTALU 
H/ TEMPERATURE/ THEEHAL/ THERBOCONDUCTI.VITY/ TUNGS 
TEN 

PS o 
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N63-85106 62/00/00 UNCLASSIFIED DOCUMENT 

SOUTHERN RESEARCH INST,,  BIRMINGHAM, ALA. 
A/PEARS, C, D o  

S O U T H E R N  RESEARCH INST,, BIRMLNGBAM, ALA. TH 
E DETEHMINATION OF THE EMITTANCB OF REFRACTORY MAT 
EHIIBLS T O  5000 DEG F C. D. PEARS <1962< 2t3P PRES 
EIU'TIEU AT THE SECOND ASME SYMP, ON THERMOPHYSICAL P 
HOPEHTXES, J A N .  1962 

/ l iMISSIVITY/  HIGH TSHPERATURE/ MATERXAL/ MEAS 
UREMENT/ BEFRACTXON 

UbY-232504 ISSUE 1 1  PAGE 1909 CATEGOHY 1 7  
bd/O O / O  0 U NCLA SSIP I. Eu DOCU MENT 

i t a d i a t i v e  p r o p e r t i e s  ot: t a n t a l u m ,  molybdenum, n 
iobium, g r a p h i t e  a n d  n i o b i u m  carbide at h i g h  torape  
r a t u r e s  

( R a d i a t i v e  p r o p e r  t ies  of t a n t a l u m ,  molybdenum, 
n i o b i u m ,  g r a p h i t e ,  a n d  n i o b i u m  c a r b i d e  a t  h i g h  tem 
p e r a t u r e s  i n  i n f r a r e d  a n d  v i s i b l e  r e g i o n s )  

A/KHHUSTRLEV, 8-  A -  
LOCKHEED MISSILES A N D  SPACE CO., PALO ALTO, CAL 

XP. AVAIL- NATIONAL TRANSLATIONS CENTER, JOHN C 
RZRAB LIBRARY, CHICAGO, ILL, 60616 

THANSL, I N T O  ENGLISH OF T H E  BOOK *gTEPLOOBH 
EN, G I O B O D I N -  I TEPLOPIZlCH. SVOISTV VESHCHESTVA' ' 

MOSCOG, NAUKA PRESS, 1968 P 198-219 
/*tiff APHITE/*MOLY BDENUM/*NlOOIUn/*NIOB~UA~ CARBI 

UES/*RADIATlVE NiiAT TRANSPER/*TANTALUM/ HIGH TEMPE 
RA'l!UBE/ .LNPHARED RADIATXON/ LIGHT ( V I S I B L E  BADIATI 
ON) / THEHdAL RESISTANCE 

N6;-13330# ISSUE 3 PAGE 4d9 CATEGORY 1'1 SM 
-74/224 68/11/14  U b C L A S S I P l E D  DOCUPIENT 

E x p e r i m e n t a l  s t u d y  of t h e  t o t a l  h e m i s p h e r i c a l  e 
s i s s i v i t y ,  e lectr ical  c o n d u c t i v i t y  a n d  c o e f f i c i e n t  
s of t h e r m a l  c o n d u c t i v i t y  of s e v e r a l  r e f r a c t o r y  me 
t a l s  i n  t h e  1300-3000 deg K r a n q e  

coef f ic ien ts  of t h e r m a l  c o n d u c t i v i t y  of several  re 
fractory metals i n  1300 to 3000 d e g  K range)  

(Total e m i s s i v i t y ,  electrical  r e s i s t i u i t y ,  and 

A/TIMHOT, D o  L o  

ALP POHCE SYSTZMS COBMAHD, WRIGHT- PATTEaSON AF 
13, O t i I O e  ( F O R Z I G N  TECHNOLOGY DIV.) AVAIL. C F S  
T I  

WEB UY lYEANS OF MtlD GENEllATORS 14 NOVO 1968 P 264 
-271 /SEE N69-1331U 0.3-031 

/*ELECTRICAL RES ISTI VITY/*EMIS SIVITY/*HIG H TEA 
P S R A T U H E  TBSTS/*REYRACTOHY META.LS/*THEHMAL CONDUCT 
I V I T Y /  CONFERENCES/ MAGNETOHYDRODYNAl4lC GENEPATORS 

ILN I T S  INTERN, SYMP, ON PHODUCTXON OF ELEC. PO 

_.. -- - 
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-RR-66-576 67/08/00 UNCLASSIFIED DQCUHENT 

e n t r y  e n v i r o n m e n t  

u c l e a r  s a fe ty  r e e n t r y  analyses) 

d m i t t a n c e  v a l u e s  of Haynes-25 for a selected re 

( E m i t t a n c e  v a l u e s  f o r  Haynes  25 for aerospace n 

A/DEVENEY, J. E. 
S A N D I A  CORP. 8 ALBUQUERQUE, N o  f iEXm (AEROSPACE 

NUCLEALt SAFETY DEPT-)  AVAXL, C P S T I  
SPOlJSORED BY AEC 

/*E U T T A  NCE/*STELLI TE (TRADEA AUK) / AEBOTHi3 RMOD 
YNAMICS/ COBALT ALLOYS/ EfiISSIVITY/ BEAT RESISTANT 

ALLOYS/ REACTOR SAFETY 

N66-19501*# ISSUE 9 PAGg 1563 CATEGORY 3 3  
NASA-CH-56496 PWA-2206, VOL, I NASW-104 6 2 / 0 0 /  
00 UNCLASSIFIED DOCUElENT 

Determiuation ot' t h e  e m i s s i v i t y  of materials, V 
o l u ~ e  I. lriterirn f i n a l  r e p o r t ,  J u l .  1, 1959 - Doc. 

(Thermal e m i t t a n c e  of refractory metals, oxides 
# carb ides ,  and t i t a n a t e s  for d e t e r m i n i n g  material 
s for use i n  s p a c e  radiators) 

PliATT A N D  WHITNEY AlRCRAFT, EAST HARTFORD, CONM 
* A V A I L .  CFSTI. 

31, 1962  

<1962< 273 P REFS 
/*CAHB IDE/*OXIDB/*R EFRACTORY HET AL/*S PACE R A D X  

ATOH/*THEHHAL BMISSION/*TITANATB/ EMISSION/ EMISSI 

Y /  SPACE/ TIiERMAL 
vrw/ i i 1 ~ 1 3  TEMPEHATURE/ METAL/ RADIATOR/ REFRACTOR 

N66-19499*# ISSUE 9 PAC;% 1563  CATEGORY 3 3  
NASA-CR-56497 PWA-2206, VOL, I1 tNASW-104 62/00 
/00 UNCLASSKPIED DOCUMENT 

D e t e r m i n a t i o n  of t h e  e m i s s i v i t y  of materials, V 
o l u m e  I1 I n t e r i m  f i n a l  r e p o r t ,  J u l .  1, 1959 - Dec 
, 31,  1962 

( T a b l e s  of t he rma l  emittance d a t a  for refractor 
y metals, o x i d e s ,  C a r b i d e s ,  a n d  t i t a n a t e s )  

YRATT AND WHITNEY AIRCRAFT, EAST HAPTFO#D, CONN 
0 AVAIL, C F S T I  

<1962< 200 P 
/*CARBIDE/*MATEHIALS SC~ENCE/*OXIDE/*REF~tACTOS 

Y METAL/~TA~LE/*THERMAL EMISSION/*TITANATE/ EMISSI 
OM/ EMISSIVITY/  MATERIAL/ OPTICAL/ PBESSURE/ PYROM 
ETER/ BADIATOR/ REFRACTORY/ SCIENCE/ SPACE/ TEIlPER 
ATURE/ THERHAL/ T I B E  ' 

--_- . 

27 

LOCKHEED PAL0 ALTO RESEARCH LABORATORY 
L O C I C H E E D  M I ~ S I L E S  L S P A C E  C O M P A N Y  
A CiROUC D I V I S I O N  O F  L O C K H E E D  A I R C I A I T  C O R P O R A T I O N  



,i 
Nbb- l94YO*l  I S S U E  9 PAtiE 1563 CATEGOltY 3 . 3 .  
NASA-CR-56490 PWA-2206, VOL. 111 NASW-104 6 2 / 0  
o / O O  IINCLASSL Y L K D  I)OC'IJMF:N'P 

Uott:,rmiricition of t i w  r?mi:; i ; ivity of materials,  V 
oluuw lil Interim i i n a l  ~ e p ~ r t ,  dul. 1, 1959 - D e  

( C o r n p i l a t i o n  of p h o t o g r a p h s  and gcaphs r e l a t i v e  
to d e t e r m i n i n g  t h e r m a l  emittance of re f rac tory  me 

C. 31, 1962 

t a l s ,  oxides, Carbides ,  and t i t a n a t e s )  

0 A V A I L .  C P S T I  
PHATT A N D  WHITNEY AIRCRAFT. EAST HAHTPORD. CONN 

<191i2< 180 P 
/*C ABdI DE/*GR APH/*O X IDE/*PHOTOGRA PH/* ROIZR ACTOR 

Y LiETAL/*THERMAL EMISS.lON/*TITANATE/ ERISSIViTY/  E 
QUXPMENT/ HEMISPHERE/ MATERIAL/ METAL/ HADIATOlf/ H 
EFHACTORY/ SCIENCi$/ SPACE/ SUBSTHATE/ TEMPERATURE/ 

THE;PMBL/ TIM&/ WAVELENGTH 

N62-10835*#  ISSUE 3 CATEGORY 21 PWA-1812 N 
ASH-104 6 0 / 0 0 / 0 0  UNCLASSIFIZD DOCUMENT 

( D e t e r m i n a t i o n  of e m i s s i v i t y  of materials) 
PEATT A N D  WRITNEY AIRCHAPT, EAST HARTFOHD, CONN 

PHATT A N D  WHITNEY AIRCRAFT, EAST HARTFORD, C 
ONN. DBTEHMINATION OF EMISSIVITY OP MATERIALS. T H I  
&U QUARTERLY PROGBESS REPORT, J A N -  1, 1960 THROUGH 

IYAB. 1960. 82 P o  1 R E P -  /PWA-1812/ /NASA CONTRA 
CT NASW-104/ AVAILABLE PROM OTS- 5 PH 88 .108  HI $ 2  

/*EMISSION/*GRAP~IT.E/*BOLYBDENUM/*N~OBIUM/*OXI 
DE/*PLATINUM BLACK/*STAINLESS STEEL/*VARNESH/ BEAR 
/ BLACK/ CHARACTERISTICS/ DETECTOR/ DETBRIOHAT.XON/ 

DETdBMINATION/ EHXSSIVITY/ LEAD/ LIGHT/ OPERATXON 
AL/ PHOTOMETER/ PLATINUfl/ BIG/ SPECTRUH/ STAIMLESS 
/ STEEL/ SULFIDE/ TOTAL 

- 6 6 ,  
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i 
BibU-10961* ISSUE 2 CATEGORY 13. 63 /00 /00  U N  
CLASS IF I ED DOCU M E NT 

T h e  t o t a l  h e m i s p h e r i c a l  emittance of p l a t i n u m ,  
co lumbium-1  p e r c e n t  z i r c o n i u m ,  and polished and ox 
i d r z e d  i n o r - 8  i n  the r a n g e  100  deg t o  1200 deg c 

( T e m p e r a t u r e  d e p e n d e n c e  of h e m i s p h e r i c a l  emitta 
n c e  of metal a n d  a l l o y  s t r i p s  in 100- to 1200-deg 
c r a n g e  u s i n g  b l a c k b o d y  vacuum c h a m b e r )  

A/KOLLIE, T- G-; B/MC ELHOY. D e  L e  
OAK RIDGE NATIONAL LAB., TENN, 

.IN N A S A  MEASUBEMENT OF THERMAL RADXATIZON PR 
OPERTXES OP SOLIDS 1 9 6 3  P 365-379 REFS /SEE N64 
-10937  02-01/ GPO- $3.50 

/*ALLOY/*EflISSION/*Rl3FRACTORY METAL/*TEIIPERATU 
BE/*VACUUW CHAMBER/ B&ACK/ BODY/ CHAMBER/ DEPENDEN 
CE/ &MISSIVITY/  HEMISPklEHE/ HIGH TEMPEBATURE/ LOU 
TEHPERATUBE/ MIOBIUH/ PLATINUPI/ S T R I P /  VACUUM/ ZIR 
COBlXUPI 

N63-11915# I S S U E  4 CATEGORY 1 3  DMIC-177. VOL - 1 AP 33/616/-7747 42/11/15 UNCLASSIPIEP DO 
CUMENT 

i a l s  i n c l u d i n g  t i t a n i u m  a l loys ,  s t a i n l e s s  steels, 
superalloys, refractory metals, a n d  coatings) 

(Thermal r a d i a t i v e  properties of selected mater 

A/DEEM, H m  W - ;  B/LUCKS, C. &'e; C/WOOD. W -  D o  
BATTELLE MEMORIAL I N S T , ,  COLUMBUS. OHXO. (DEP 

ENS8 METALS INFORMATION CENTER) 

M E n O R I A L  INST. ,  COLUMBUS, OHIO THERMAL RADIATIVE P 
lfOYERT1:ES OF SELECTgD MATbRXALS. VOLUME 1 W, Do UO 
OD, H .  W e  DEEM, A N D  C e  Fe LUCKS NOV, 15, 1962 19 
2 P  2 5  REFS /CONTRACT AF 33/616/-7747/ /DMfC-177, V 

/*COATIN G/*IY ATERIAL TESTING/*R A D 1  ATXVE NEAT TR 
ANSPER/*REFBACTORY METAL/*STAINLESS STEEL/*SUPERAL 
LOY/*TITANXUM ALLOY/ ALLOY/ CERAHICS/ GRAPXITE/ HE 
AT TPANSPER/ HIGH TEMPEAATU#E/ fiATEHIAL/ IIliASUBEME 
NT/ METAL/ PROPERTY/ tZADIATION/ RADIATIVE/ REFRACT 
OBY/ STAINLESS/ STEEL/ TEST/ THERMAL/ TITANIUM 

DEFENSE METALS INPORMATION CENTER, BATTELLE 

OL, l /  
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N 6 3 - 1 1 9 1 6 #  ISSUE 4 CATEGORY 1 3  DMIC-177, VOL 
0 2 A Y  3 3 / 6 1 6 / - 7 7 4 7  62/11/15 UNCLASSIFIED 0 0  
CUMENT 

i a  is) 
(TheCindl rad ia t ive  propert ies  of se luc tod  mater 

A/DEAM, H e  W e ;  B/LUCIcS, C. F a ;  C/WOOD# W .  D. 
UATTELLE MEMO R I A L  XNSTo , COLUMBUS OHIO- (DEE' 

ENSE METALS INFORMATION CENTSH) 

HEMOHIAL INST., COLUMBUS, OUZO THEHMA RADIATIVE P 
HOPERTIES OF SELECTED MATEHLAZS, VOLUME 2 W e  D. WO 
c)D, it. W. DEEM, A N D  C, P ,  LUCKS NOV, 15, 1962 280 
P 11 2EBS /FOR ABSTRACT SEE N63-11915 04-13/ /CO 

/* Li I G H  T EM P E 11 AT U R E /  * I1 A T  ii HI ALS SC I EN C E/* R A D I AT f 
V d  LiiiAT THANSFEH/*T13ERMAL RADIATLON/ ABSOMPTION/ A 
LLOY/ CA$RAAXCS/ CHROMIUIY/ COATING/ COBALT/ G H A P I i 1 . T  
E /  HEAT/ HEAT TRANSFER/ I R O N /  MATERIAL/ MOLYBDENUM 
/ NICK&L/ NIOBIUM/ RADIATION/ RADIATIVE/ RiiPLECTEO 
@I/ REFRACTORY/ STAINLESS/ STEEL/ SUPERALLOY/ TANTA 
LUM/ THEHMAL/ T.ITANXUM/ TUNGSTEN 

Nb2-17010# ISSUE 18 CATEGORY 18 AP 33/616/-6 
8 4 1  A R P A  O R D E R  2 4 - 6 1  6 2 / 0 9 / 0 0  UNCLASSXFXED DOC 
Ui'iENT 

(Refractory materials  research - vaporization a 
nd emissivity s t u d i e s )  

DEFENSE METALS INPORMATION CENTER, BATTELLE 

NTRACT AF 33 /616 / -7747 /  /DflIc-1778 VOL- 2/ 

- 

A/KIBLER, G. a,; B/LYON8 T. E'. 
G E N g R A L  gLECTHIC CO-,  CINCINNATI, OHIO. ( P L I G  

HT PROPULSION LAB, D E P T . , )  
FLIGiiT PROPULSION LAB. DEPT., GENERAL ELECTR 

I C  COO, CINCINNATI,  01110 REPHACTORY MATERIALS RESE 
AHCH E I G H T H  QUARTERLY PBOGHESS REPORT /11 JULY 1 
962 - 30 SEPTEMBER 1962/'  G. PI. K I B L E R  A N D  T. F. LY 
ON SEPT. 30, 1962 18 P 7 REPS /COPTHA 
1 6 / - 6 8 4 1 ,  A R P A  ORDER 24-61/  

/*EMISSION/*HEPRACTORY MAT&HIAL/*TINTALOM NITR 
XD e/* VA POB 12 A T I  O N/ AT M OS Pti E At E/ C HE M I  S TH Y/ EM IS SI V I 
TY/ GRAPHITE/ ISOTHERM/ ?SATERIAL/ MEASUREMENT/ N I T  
R I D E /  NITROGEN/ ORIP.LCE/ PARTICLE/ PRESSURS/ REFRA 
CTORY/ RESEARCH/ TANTALUM/ TEMPERATURE 

._ - - __ 
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GROUP 2 

Concerning high temperature emittance characteristics of 
ceramics and high temperature coating materials. 
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d t S C H I P T O K S 1  ( * 6 O R O N  COMPOUNUS, THERMAL 
P R O P E H T I E S ) ,  NITRIOESD R E F H A C T O R Y  M A T E R I A L S ,  

T E ' P l i R A T i J H E t  RADIOMETERS, D E G R A O A T I O N D  HEAT1NGe 
T H L R M A L  H A D I A T ~ O N ,  I N F R A R E D  R A D I A T ~ O N D  EMISSIVITY~ 

I b 0 : E  C C I L E S  ( U )  
i b E i v ' f I f I E K 5 ;  BORON N I T R t D E ,  R A D I A N C E  ( U I  

T n E  R A 3 i A N C E  OF V A R I O U S  FORBS O F  B O R O N  N I T R I D E  WAS 
% L A S ~ R E O  I N  AN A I R F L A M E  ENVIRONMENT I N  Two REGIONS OF 
f r , E  ir\rF;RAKED SPECTRUM ( 1 . 8 7  T O  2 * 8 2  MICRONS AN0 
Z , 9 i ,  T O  5 . 6 8  M I C R O N S )  OVER A TEMPERATURE RANGE OF 
6 U O  13 1950C, H E A T I N G  WAS A C C O M P L I S H E D  W I T H  AN 
3 n Y G t i N - A C E T Y L E N E  FLAME A T  A f M O s P H f R J C  PRESSURE@ 
k U l s T c r R E  R E S I S T A N T  HOT pRESSED & O R O N  NITRIDE . 
;,.ThSTOOD CONTINUOUS H I G H  TEMPERATURE EXPOSURE A T  
: > O L I C  &ItHOUT SEVERE D E G R A D A T I O N t  W H I L E  P Y R O L Y T I C  
GGf iGFd h r i T H f D C  SUCCESSFUi.LY WITHSTOOD CONTINUOUS 
E n P O S U R t ;  A T  l 800C1 THE MEASURED R A D f A N C E -  
TiiMPEAATUr3E CURVE OF HOT P R E S S E u  BORON N I T R I D E  AGREED 
C L O S E L Y  N I T H  VALUES COMPUTED FROM E M I S S I V I T Y  DATA, 
f i n i ~ t :  S I Y I L A R  DATA FOR P Y R O L Y T I C  BORON N I T R l D e  
S I G N I F I C A N T L Y  EXCEEDED T H A T  MEASURED FOR THE HOT 
P h E S S E D  F O R M e  ( A U T H O R )  ( U I  
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U N C L A S S I F I E D  REPORT 

O t s C H I P T O R S ;  ( * C E R A M I C  M A T E R I A L S ,  
b P E C T A A ( I N F R A R E D ) ) ,  ( + S P E C T R A ( I N F R A R E D ) o  
C E f i A f l I C  M A T E R I A L S ) ,  COMPOSITe  M A T E R I A L S ,  
T I T A N I U M ,  8 O H O N  COMPOUNDS, N I T R I D E S t  INFRAREO 
~ 'HENOMENA,  E M C S S I V I T Y t  S O L I D  S T A T E  P H Y S I C S D  
THLdMAL t cADIAT1ON,  THEORY, H iGH-TEf lPEHATURE 
h E b E A A C h t  MOLfCULAR P R O P E R T I E S ,  MOLECULAR WEIGHT', 
D L A C K ~ O D Y  R A D I A T I O N ,  T l T A N I U M  COHPOUNDS ( U )  

THE I N F R A H E D  R A D I A T I O N  P R O P E R T l E S  AND 
CHARACTERISTICS OF TITANIUM-BORONITRIOE WERE 
I N V E S T I G A T E D  I N  THE 'WAVELENGTH R E G I O N  E X T E N D I N G  PROM 

THL IJORMAL SPECTRAL EMISSIVlTY, I N T E G R A T E 0  NORMAL 
T O T A L  E M I S S I V I T Y p  AN0 INFRARED H A D I A I I O N  I N T E N S I T Y  
CClAVES OF T H I S  M A T E R I A L  FOR T W O  D I F F E R E N T  SURFACE 
C L J X D I T I O N S ' W E R E  D E T E R M I N E D O  A D D i T I O N A L  R A D I A T 1 O N  
S T a D Z E S  ZERE MADE U S I N G  A MA ' fHEMATlCAL I N T E R P R E T A T f O N  
B ' k S E O  GN THE NORMAL TOTAL E N I S S I V I T Y  AND ~ E i G H T - T O -  
DENSITY R A T i Q S  OF THE I N D I V J D U A L  CONSTITUENTS,  
{ A U T ~ ~ O R  1 I U )  

1 . d  T O  10.0 I I f C H O N S  A T  A TEMPERATURE OF 1300 K O  
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uu,C HLPORT B I B L f O G H A P t i Y  S E A R C H  CONTROL N Q o  8'15506 

A u - 6 3 0  3 7 u  
L L X I N & T O N  L A d S  I N C  CAMBRIUCt;  MASS 
T ~ ~ t i t i h ~ ~  R A O I A T I O N  C H A R A C T E R i S T I C S  OF TRANSPARENT, 
S L M I - T R A N S P A R E N T  AN0 TRANSLUCENT M A T E R I A L S  UNDER NON" 

3 t S C d ! P T I V E  NOTE:  T E C H N I C A L  DOCUMENTARY R E P T O O  MAY 61" 
ISOTHEFiMAL C O ~ O I T I O N S I  I U )  

JbN 6 2  
APR 6 4  t 2 5 P  FOLWkILEf f ,ROBERT C I  I 

C d h T N A C T I  AF33 6 1 6  8368 
P d O J :  7360 

E u x I T 3 R ;  T D R 6 2  7 1 9  
T ~ s K :  7 3 6 0 9 1  1 7 3 6 0 i l Y  

U N C L A S S I f I E O  R E P O R T  

S u P ? L E H E h T A R Y  N O T E :  

G i S C H I P T O e S :  ( *REFRACTORY M A T E R I A L S ,  THERMAL R A D I A T l O N j ,  
( * T H A N S P A R E N T  P A N E L S ,  HEAT T R A N S F E H I f i  ALUMINUM 
C O r " P 4 U N D S ,  OXIDES( ABSORPTION,  THERMAL CONDUCTIVITY, 
> O L I 3 S ,  E M I S S I V I T Y ,  SINGLE C R Y S T A L S ,  H I G H  TEMPERATURE 
H E S C A R C H ,  MICFtOSTRUCTURE, DIFFUSION, WAVE TPANSMISSION, 
C R Y S T A L  L A T T I C E S ,  S C A T T E R I N G ,  ~ E R T U R ~ A T I O N ~ T H E O R Y ,  
hUi . IE8ICAL A N A L Y S I S ,  E Q U A T I O N S ,  I N T E G t 4 A T I O N  ( U )  

~- -____ __ 
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O D C  t iEPORT B I B L I Q G R A R H Y  SEARCH CONTROL NO@ 0YS606 
.i 

A D - 2 8 6  O b 3  

C A L I F U R ~ I A  UNIV BEytCELEY l N S T  OF E N G I N E E R I N G  
RE5c;At iCH 
fHC.rZMkL R A G i A T I O N  P H O P E R T I E S  OF M A T E R I A L S ,  P A R T  

( U )  

U N C L A ~ S I F ~ E D  REPORT 

d i S C R 1 P T O d S :  * C E H A I ~ I C  C O A T I N G S ,  oREFHACTORY M A T E H I A L S ,  
* T H E R M A L  R A D I A T I O N ,  ALLOYS,  BORON COMPOUNOS, CERAMIC * 

MATErZ IALS,  COATINGS,  COPPER, H IGH-TEMPERATURE RESEARCH,  
1 R d N  COMPOUNiJS, MOLYBDENUM, MOLYBDENUM ALLOYS, N I C K E L  
A L L O Y S ,  O X I D t S ,  PHOTOELECTRIC E F F E C T ,  P L A T I N U M ,  P L A T I N U M  
ALLOYS, . rZEFLLCTION, RHODIUM ALLOYS,  SHELTERS,  S T A I N L E S S  
S T E E L ,  T t S T  Z Q U I P M E N T ,  T E S T  METHODS, THERMOCOUPLES, 
T : T A N I u M  COPPOUNDS, l l R E  I U I  

( U N I T E M P  41) tn,  
IbEhT;F;EHS: VOUGHT 1 1 ,  vOUGHT 1 x 8  RENE 4 1  

RESULTS O B T A I N E O  F O R  THE SPECTRAL E M I T T A N C E  OF 
MATiR1Ai.S MEASUREd I N  A I R  AT I N T E R M E D I A T E  
TEM?E%ATURES OF ASOUT 1400 F ARE COMPARED TO THL 
~ P E C T H A L  REFLECTANCES MEASUREO A T  R O O M  TEMPERATURE, 
T i i E  TEMPERATURE EFFECT IS FOUND TO BE SMALL  FOR 
i ) X I 3 I L E o  METALS AND FOR CERAMiC COATINGS AND SOME OF 
THE. A ? ? A R E N T  E F F E C T S  ARE S T I L L  A S S O C I A T E D  WITH 
V A R I A T I I ) N  OF THE H A T E R I A L  AND M I T H  INACCURACY OF 
M E A S ~ ~ ~ E M E ~ T *  SPECTRAL E M I T T A N C E S  F O H  METALS WERE 
O i T t R i I I t u E D  ONLY F O R  P L A T I N U M *  A SYSTEM DESIGNED 
Fi jR THE D E T i R M l N A ~ l O N  OF THE SPECTRAL E M I T T A N C E  OF 
METMLS O R  Or' M A T E 8 I A L S  vYITH M E T A L L I C  SUBSTRATES, IN 
VACUUM O H  I h  AN I N E H T  ATMOSPHERE, IS OESCHIBED AN0 
P R E L I M I i q A R Y  RESULTS ARE I N D I C A T E D  FOR INCONEL, 
(AUTHOR 1 ( U l  
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S J P P L t M E N T A R Y  NOTE; REPORT ON M A T E H I A L S  ANALYSAS AND 
i V A L U A T I i r N  T E C H N I Q U E S @  

D i S C R I P T O K S :  * A L L O Y S  # * H E A T n H E S I S T A N T  METALS + ALLOYS 8 

* H E A T - d E s I S T A N f  P L A S T I C S  , *METALS , * P L A S T I C S  B 

+ R E F K A C T U R Y  COATINGS ,#REFRACTORY M A T E ~ Z I A L S  ,ABSORPTION 
,ALUIYIINUM A L L O Y S  ,uOHON COMPOUNDS ( C A R B I D E S  tCHROMATkS ( 

CH8Oi4IUM ALLUYS ,COATINGS ( C O B A L T  ALLOYS r G U f D E D  
i 4 I S S I L E S  ,HIGH-TEMPERATURE RESEARCH ( I N F R A R E D  R A D A A T i O N  
, N I C K E L  ALLOYS , N I O B I U M  ,PHOTOELECTRIC E F F E C T  8 

. ~ k D i u M k T t R S  l R ~ F ~ E ~ T I O N  ,REFLECTOMETERS B 

~ A T E L ~ I T E S ( A ~ T I F I C I A L )  ( S P A C E C R A F T  ( S T E E L  (SURFACE 
~ 2 A 0 P ~ R T I ~ S  ,TEST E Q U I P M E N T  ( T E S T  METHODS   THERMAL 
n A L i A T I O l \ i  (Tr iERMOCOUPLES 4M1 

M E T r i 0 3 S  ARE D E S C R I B E D  FOR MEASUHEMENT OF T O T A L  
N O R M A L  EMITTANC~; ,  I N  A f R ,  FOR TEMPERATURES UP TO 2 5 0 0  
F ;  f O d  f v O R M A L  SPECTRAL REFLECTANCE, I N  A I R ,  A T  L O W  
T E M P E ~ A T U R E  FOR #AVECENGTHS FROM 0 0 3 0  T O  25 M I C H O N S l  
AND IIV A I R :  A T  1000 F FOR WAVELENGTHS FROM 1 T O  25 
H I C f i O N S .  R E S U L T S  A R E  G I V E N  FOH 20 SAMPLES OF 
D I F F E R E ~ L T  M A T E R I A L S  AND THE MEASURED T O T A L  E M I T T A N C E S  
A H E  GENERALLY W I T H I N  5 %  OF VALUES P H E O I C T E D  F R O M  
REFLECTANCE MEASUREMENTS@ REFLECTANCES WERE 
M i i k S c l d E d  4 5  A F U A C T I O N  OF ANGLE F O R  WAVELENGTHS OF 
T d E  O c i D t R  O f  1 MICRON, T O  G I V E  ABSOHPTANCES AS A 
F U N C T i O k  OF ANGLE OF I N c I O E N C E  THAT ARE U S E F U L  I N  THE 
A P P K A I S A L  OF SOLAR I R H A O I A T I O N @  A SPECTRAL 
E M I T T A N C E  U N I T  IS D E S C R I B E D  AND THE P R E L I M I N A R Y  
~ E S U L T S  FOR S A M P L E S  A T  1400 F Snow GEiJERAL 
A G R I ~ E M E I U T  WITH MEASURED VALUES OF SPECTRAL 
f iEfLECTANCEm ( A U T H O R )  ( U )  
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b D C  REPORT d I 8 L I O G R A P H Y  ~ E A R c H  CONTROL NO@ 045518 

A u - q Z A  t i l 6  
AHhY N A T L ~ I A L S  r lEbEARCH AGEIJCY WATEHTOVbN R A S S  
A ~ I A L Y S I S  OF A RCFHACTORy C O A T I N G  SYSTEII F O R  THE 
THEHMAL P R O T E C T I O N  O f  T I T A N I U M ,  ( U )  

SEP 63 22P FARROW,HbYMOND L. ;LEVY# 
M I L T O N  I 

PKOJ: 1HO 2 r 4 0 1 A l A l  
MONITOR; A M R A  Till63 13 

U N C L A S S I F I E O  BEPORT 

SUPPLEMENTAHY NOTE: HEPOhT oh M A T E R I A L S  FOH SOLID 
P ~ U P L L L A N T  ROCKET MOTORS. 

D r S C H i P T O K S :  ( * T I T A N I U M  ALLOYS,  REFRACTORY C O A T I N G S ) ,  
I r L O A T I t d b S ,  T I T A N I U M  A L L O Y S ) ,  EROSION, METAL COATINGS,  
C E k A M I C  C O A T I N G S ,  FLAME SPRAYING,  c Y L I N O H I C A L  BODIES, 
ALUMINUM COMPOUNDS, OXIDESt N I C K L L ,  CHROMIUM8 C O P P E R ,  
r ' I P C 5 8  GASES, H E A T  TRANSFEa,  ALUMINUM A L L O Y S ,  V A N A D I i J ~  
ALLOYh, T I N  ALLOYS,  D E N S I T Y ,  THERMAL C O N D U C T I V I T Y ,  
t M i b s I V I T Y ,  E A P E R I M E N T A L  D A T A (  h I G H - T E M P E R A T U R E  
d E S k i A H C f l t  P O R O S I T Y ,  STEEL ( U )  

I u E N T I F I E H S :  1 9 6 3  4 U )  

M L T A L L I C  AND CEHAMIC REFRACTORY C O A T I N G S  ARE B E I N G  
C G N 5 1 D E 3 E D  T O  EXTEND THE U S t F U L  L I F E  OF T i T A N I U M  
UNDER C O N D I T I O N S  OF HIGH T E M P E R A T U R E S  AND E R O S I V E  
CTf lO5PHE3ESe THE E F F E C T S  OF THE REFHAGTORY 
COMPOSITE S Y S T E M  O F  F L A M E - s P R A Y E O  NICKEL-CHROME, 
CILUMINUM O X l i ) t ; ; ,  AND COPPEH, ON THE THERMAL 
CI-IARACTLHISTICS OF A T ITANIuM'TuBE JJERE I N V E S T I G A T E D .  
Tf iE  i lEFRACTOSY COrzlPOSITE SYSTEM !&AS E X A M I N E D  
K r T A L L O G R A P H I C A L L Y  FOR A D H E S I O N  O F  C O k T I N G  T O  
C k A T I N C m  AND C O A T I N G  TO SUBSTRATE,  P O R O S I T Y  OF 
C d A T I N G S ,  AND E F F E C T  OF D E P O S I T I O N  ON 7 H E . S T R U C T U R E  
O i -  T H E  T I T A N I U M  S U B b f P A T E .  A COlyPARISON OF THE 
WtIGhTS OF THE COMPOSITE T I T A N I U M  TUBE S Y s T e M  AIVD A 
S I Y I L A K  S I Z E  STEEL TUBE \';AS M A D k r  A WEIGHT 
ZECIUCTION OF 19 PERCENT IS ~ F F E c T E D  8 y  THE VSE OF THE 
COATECI T I T A N I U M  SYSTEM. THE ADVANTAGES AND 
D I S A D V A N T A G E S  O F  L A C H  C O A T I N G  AfiE OISCUSSEOn AND 
SUGGESTIONS FOR FUTURE NOKK ARE PRESENTED. 
t AuTHOf4 1 ( U )  
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Ad-279 i 4 a  
S A T T E L L L  M E M O R I A L  I N S T  COLUMBUS O H I O  DEFENSE METALS 
1b~FOit1'ikilON CENTER 
Ti rE EMMITANCE OF C E R A M I C S  AND C R A P H I T E S  ( U )  

aAt4 6 2  1 v  W O O O , ~ I O I I D E E M , ~ ~ W ~ I L U C K S ~ C I P I ~  
Rt iPTa N O #  M 1 4 8  
CONTRACT: AF33 6 1 6  7747  

UNCLASS~FIED REPOaT 

i ) D C  t4EraRT B I B L f O G H A P H Y  SEARCH CONTROL NO0 645506  

A O - 2 9 +  396 
 ATT TELL^^ M E M O H I A L  I N S T  COLUMBUS OHIO DEFENSE M E T A L S  
I i u f u R ; i A T  I ON CENTER 
THEriMAL R A D I A T I V E  P R O P E R T I E S  OF S E L L C T E D  
M A T L R ~ A L S  ( U )  

h0v 6 2  1 v  ~ O O O ~ ~ * D O ~ O E ~ M ~ H I W O ~ L U C K S , C I F I I  
R k P T r  N o r .  1 7 7  VZ 
CONTRACT: AFJ3 6 1 6  7 7 4 7  

U h C L A b S I F I E D  REPORT 

D k S C R I P T O t t S I  * C E R A t l l C  COATINGS,  *HEAT R E S I S T A N T  
M A T E K I A L S ,  * P A I N T S ,  *REFRACTORY COATINGS,  *THERMAL 

C O A T L N ~ S ,  METALS,  O X I D E S ,  PHOSPHATE COATINGS,  REFRACTORY 
K A O I A T I O I J ,  ALLOYS, B O R I D E S ,  8 0 H O N t  C A R B I D E S ,  DATA,  M L T A L  

M A T E H I A L S ,  S I L I C I D E S  ( U I  

THLRNAL K A D ~ A T I V L  P R O P E R T I E S  O f  SELECTED M A T E R I A L S ,  
i O r l P i L 9 T I O N a  B O R O N ,  B O R I D E  COATINGS, C A R B I D E  C O A T I N G S ,  
t N A M t L S  AND P A I N T S ,  O X I D E  C O A T I N G S 9  S t L I C I O E  COATINGS# 
PHOSPHATE COATINGS, M E T A L L l C  C O A T I F ~ G S O  M I S C E L L A N E O U S  
C S A T f  N G S a  
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U O C  HEPORT B I B L I O G R A P H Y  SEARCH C O N T R O L  No* 0 4 5 5 1 8  

AO-’133 7 8 2  
B A T T E L L E  MEMORIAL I N S T  COLUMBUS OH10 DEFENSE METALS 
I N F O H H 4 T I O N  CENTEH 
P H o P E R T l E s  OF COATEO REFRACTORY METALS, ( U )  

3Ah 44 9 8 P  6 I B E A U T t J V *  A 0  IBARTLETT,Eo S o  
f 

i?kPf.  N O *  195 
C O N T R A C T ;  AF33 615 1 1 2 1  
P d O J I  8975  

U N C L A S S f F i E O  HEPORT 

G r S C R l P T O R S :  ( * R € F f l A C T O R Y  COATIN~S,  KEFRACTORY METALS 
A N D  A L L O Y S ) ,  ( *REFRACTORY METALS AND ALLOYS, REFRACTORY 
COATIN6S)p N I O B I U M ,  N I O B l U M  ALLOYS, MOLYBDENUM, 
MOLY~OCNUM ALLOYS,  TANTALUM, TANTALUM ALLOYS, TUNGSTEN, 
F O I L S ,  h E A T - H E S I S T A N T  METALS AND ALLOYS,  ALUMINUf l  
MLLOYS, T I N  A L L O Y S ,  S I L I C I D E S ,  ALUMINUM COATINGS,  
L M I S S I V I T Y B  F A T I G u L  ( M E C H A N I C S ) ,  RUPTURE, O X I D A T l O N ,  
L I F E  EXPECTANCY, M L C H A N I C A L  PRoP~RTIES,  T E N S ~ L E  
P R O P E R T I E S  ( U )  

I a E N T I F i E R S ;  1964 ( U 1  

T H I S  REPOHT SUMMAHIZES T H E  X N F o R M A T l o N  GENERATED 
S I N C E  THE M I D O L E  OF 1 9 6 1  ON THE C~IEPIICALD P H Y S I C A L l  
~ l u O  M E C H A N I C A L  P R O P E R T I E S  OF R E F R A C T O R Y  METALS T H A T  
~ f 4 E  C O A T E D  # t T H  O X I O A T ~ O N - R E S I S T A N T  C O A T I N G S  OF 
AOVAhCEO-EXPERIMENTAL COMMEHCIAL STATUS0 I T  IS 
A SLJPPLEMLNT T O  O M I C  REPORT 1 6 2 ,  COATINGS F O R  THE 
P d O T E C T i O N  OF REFHACTORY METALS F R O M  
O A I O A T I O N ~  D A T E 0  EJOVEM0ER 2’11 1 9 6 1 0  RECENT 
D A T A  ON S P E C I F I C  S I L I C I D E -  AN0 A L U M ~ N I D E -  TYPE 
c U A T I N C S  F O R  COLUMBIUM, MOLYBDENUM, T A N T A L U M ,  AND 
TUNGSTEN AN0 T H € I H  ALLOYS R i i f L E C T  GENERAL ADVANCES I N  
C O A T I N G  Q U A L I T Y  AND P E R F O R M A ~ ~ C E ,  UNDERSTANDING OF THE 

R L A L I Z A T I O N  OF THE PROBLEMS A S S O C I A T E D  W I T H  THE USE 
OF COATED HARDIOIARSr ( A U T H O R I  ( U l  

t f r i A V l O R  OF COATED SYSTEMS, AND MORE COlYlPLETE 
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\ 
i 

DDC iZEPORT B l B L I O G R A P H Y  SEARCH CONTROL NO. 045506 

AO-271 6 1 4  
NATIONAL AERONAUTICS AND SPACE A o M l N I S T R A T I Q N  WASHINGTON D 
C 
MEASudEf lENTS OF T O T A L  E M I T T A N C E  ofl; SEVERAL REFRACTOnY 
OXIaES, C E R M E T S ,  AND CERAMICS F O R  TEMPERATURES f R O n  
600 DLGKEES F TO 2 , 0 0 0  DEGREES F 1 U )  

&Ad 6 2  A V  C A D E p W I L L I A M  R,ISLEMP,IAYNL S o l  
R r P T r  NO. T N  0 998  

UNCLASSIFIEO REPORT 

DESCRIPTOHS: *BLACKBODY R A D I A T I O N ,  * C E R A M I C  M A T E R I A L S ,  
* C E r ( M E T S ,  O F L A M E  S P R A Y I N G ,  *HEAT RESISTANT M A T E R I A L S ,  
* ! *EAT HES;ISTANT METALS + ALLOYS,  *HIGHaTEMPEHATUHE 
R E b L A R C H ,  * P A I N T S ,  *HERRACTORY M A T E R I A L S ,  ALUMINUM 
COMPOUiuDs, C A R B I D E S ,  CHROMIUM ALLOYS,  CHROMIUlrl 
COMPOUi\Db, H Y P E R S O N I C  G H A R A C T E H I S T I C S ,  I R O N  ALLOYS, 
M E A S U ~ L M E N T ,  N I C K E L  ALLOYS, N I T R I D E S ,  OXIDES, S I L I C O N  
COMPLIUNDS, SUPERSONIC PLANES,  TEMPERATURE CONTROL I U )  

P L A h E S ,  H Y P E R S O N I C S o )  *HEAT R E S I S T A N T  P A I N T S .  
E X P E R I M L N T A L  MEASUREMENTS OF T O T A L  E M I T T A N C E  WERE 
?RESEiuTt;D F O R  A V A R I E T Y  OF REFRACTORY M A T E R I A L S  
S E L I E V E U  TO HAVL P O S S I B L E  USE AS TEMPERATURE CONTROL 
S U 3 F A C E S  FOh H I G H  SUPERSONIC AND HYPERSONIC A I R C R A F T ,  
THE F ~ L L O V ~ I N G  M A T E R I A L S  WERE S T U D I E U :  C H E M I C A L L Y  
O X f D I Z E u  I N C O N E L ,  CROZ BASE P A I N T ,  A L Z O J  BASE 
PAIFUT, SIC CERAMICS,  S 1 3 N Y  cEPAI I IC,  C R / A L  
O X I B E  CERMETS, AND FLAMEISPRAYED CERMETS, 
( A U T H O R )  1 U )  
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GDC REPORT 8 1 B L I O C R A P H y  S E A R C H  CONTROL N o *  045518 

Ab-6Ql 2 7 9  1113 
NGdTH AMEHICAN A V I A T I O N  INC LOS ANCELES CALIF 
T h E  HOLE OF E M I T T A N C E  I N  REFRACTORY METAL C O A T I N G  

D E S C R I P T I V E  NOTE: SUMMARY T E C H N I C A L  REpT.  1 JUL 66-31 
PLRFORMANCEI  PART I - R E V I E W  A N D  A N A L Y S I S @  4 U l  

J A f 4  6 6  ON PHASE 1, 

; 
J A N  6 6  l S J P  B A R T S C H B K O  0 0  IHUEBNOR,A. 

RLPT.  NO@ N A - 6 6 0 7 6 0 m P T - 1  
C U N T R A C T :  AF 3 3 ( 6 1 5 ) - 3 0 3 9  
P n O J ;  A F - 7 3 1 2  
TASK; 731201  
M O h l T O R O  AFML T h - 6 6 - 5 5 - P T - 1  

DtSCRIPTOHS; ( *REFRACTORY C O A T I N G S ,  * E M l s s ~ v l f y ) ,  
t *HEFRACTOHY M E T A L S ,  REFRACTORY C O A T ~ N G S ) ,  
AEF(0SPACE CRAFT,  ROCgET HOTOHS, C O O L I N G ,  
S I L I C I D E b  N I O B I U M  A L L O Y S ,  MOLYBDENUM A L L O Y S #  
T I i J ,  ALUMINUM COMPOUNDSD TANTALUM ALLOYS, 
THERMAL R A O I A T I O N ,  HYPERSONIC FLOW ( U J  

A L L O Y  T Z M  ( U l  
I U E N T l F I E f l S ;  NIOi31UM ALLOY C t j 0 7 5 Z ,  MOLyaDENUM 

THE HOLE OF E M I T T A N C E  MAS R~;VIE;JED FOR THE PURPOSE 
OF 3 R I E N T I N G  THE P L A N N I N G  OF A c O M P R E H E N S ~ V E  PROGRAM 
T O  (3ROVIDE A c c ~ A T E  AND PHOPER EMITTAIUCE DATA FOR 
T n E 8 M A L  C A L C U L 4 T I O N S  NEEDED IN THE D E S I G N  O f '  A D V A N C ~ O  
AERaSPACE V E H I C L E S  AND E N G I N E S *  THE F O L L O N I N C  WAS 
FOUbiD: COATED REFHACTORY METALS AHE U S E D  AND ARE 
PLANNED f O R  F U T U R E  USE ON R ~ E N T H Y  AND HYPERSONIC 
C d b I S E  V E H I C L E S  \qHICH ARE C O O L E D  A L M O S T  SOLELY SY THE 

Ah0 E X T E N S I O N S  F A b R I C A T E D  O f  C O A T E D  R E F R A C T O R Y  METALS 

V A L U E S  HAVE A PROFOUNO EFFECT ON THE RATE OF H E A T  

TEMPERATURE ViHICH, I N  TURN, CONTROLS C O A T I N G  L IFE  AND 
M L T A L  STRENGTH. THE E M I T T A N C E  OF A COATED 
REFRACTORY METAL IS A F U N C T I O N  OF I T S  ENVIRONMENT 
c%nICr, I N C L U D E S  TEMPERATURE, TIME, P A R T I A L  PRESSURES 

V E L O C I T Y  O F  THE ATMOSPHERE UNDER EXTREME TEMPERATURE 
C O N D I T I O N S O  ( U J  

K A D I A T I O N  OF HEAT TU S?ACt; r  SPACE ENGINE N O Z Z L E S  

HAY DE COOLED T O  kDVANTACE t l Y  R ~ D I A T I O N o  E M I T T A N C E  

REJECTION,  AND T H k H E a Y t  O N  THE ME.TALmCOATING SYSTEM 

OF THE ATMOSPHERIC CONSTITUENTS,  AN0 THE ~ R E E - S T R E A M  
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AV-862  2 7 9  1113 
F\iORTH A M E R I C A N  ROCKJIELL C O R P  LO5 ANGELES CALIF L O S  AWGELEE 
S l J  
THE H O L E  OF E M I T T A N C E  I N  REFRACTORY M E T A L  
COMTING PERFORMANCEo PAHT I l .  TOTAL AND 
SPECTHAL E M I T T A N C E  MEASUREMENTS T O  2 5 0 0  F a  iU 1 

O t S C H I P T I V E  NOTE: 5UMMAHY T E C H N I C A L  R E P T O  JUL 65-AUG 
b &  8 

LLONAI~D G o  IHUDGINSmWALTER P O  l 6 E l 8 , E L o E N  
9 0  i B L O C K 8 S o  JI I 

APH 6 9  1 7 Y P  BARTSCH8KARL 0 ,  I K I M S A L L ,  

R C P T .  N O .  N A m 6 6 " 7 6 0 c Z  
CbNTgACT:  AF 3 3 t 6 1 5 1 - 3 0 3 9  
P K O J ;  A F - 7 3 1 2  
TASK: 7 3 1 2 9 1  
M U N I T O H I  AFML T f i * 6 6 - 5 S = P T - Z  

U N C L A S S I F I E D  HEPOHT 
D l S T Y I d U T l O N i  NO F O H E l G N  vVITHOUT APPROVAL OF 
D I R E C T O R ,  A164 FOHCE M A T E R I A L S  L A B 0 8  ATTN: 
M A M o  ~ v H I G H T - P A T T E H S O N  A F B t  O H I O  4 5 4 3 3 0  

SUPPLEMENTANY NOTE: SEE ALSO P A R T  1 ,  A0-801 2 7 4 0  

OtSCdIPTORS; ( *REFRACTORY C O A T I N 6 S t  E f l i S S I Y I T Y ) ,  
( * H E f 3 A C T O K Y  METAL ALLOYS,  RkFRACTORY COATINGS), 
N I O d l U M  ALLOYS,  MOLYBDENUM ALLOYS,  TANTALUN 
ALLOYS,  S I L I C I D E S ,  METAL COATINGS,  CHROMIUM, 
P l T A N I c l M ,  S I L i C O N ,  ALUMINUM, T I N ,  IRON,  
5LUHHY C O A T I N G  I U )  

ALLOY TZMa TANTALUM A L L O Y  AOfi tu1 
I L E N T I F I E R S ;  N I O B I U M  ALLOY C 8 - 7 5 4 ,  MOLYBOENUM 
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i 

,J 

I 

i 

Ai) -665 7 0 1  1 8 1 3  
N(rt?TH A M E R I C A N  ROCKaELL  CoRP LOS ANGELES C A L f F  4.0s ANGELES 
D I V  
T h E  HOLE. OF EI I I ITTANCE I N  HEFRACTORY M E T A L  
COATIIvG PERFORMANCEI PART 1 4 1 0  T O T A L  AND 
SPECTRAL E M I T T A N C E  MEASUREMtNTS ABOVE 2500 
F AH0 C O R R E L A T I O N  OF E M I T T A N C E  N I T H  
C O M P O S I T I O N o  ( U )  

D k S C R I P T I V E  NOTE: SUMMARY T E C H N I C A L  REpTe 1 O C T  66-30 
DEC 6 8 ,  

NOV 69 1 9 5 P  B A H T S C H t K A R L  0 .  I K I M B A L L ,  
LEONAHO G I  I H U O G I N S B W A L T E R  P o  I ~ E I B t € L D € N  
H.;PAGE,P@ R e  I 

Rt.PT* N O *  P J A ~ 6 6 - 7 6 0 ~ 2 - P T ~ 3  
CuNTi3ACT:  AF 3 3 ( 6 1 5 ) - 3 0 3 9  
PHOJ:  A F - 7 3 1 2  
TASK: 7 3 1 2 0 1  
MONITOH: AFML T H - 6 6 - 5 S = P T m 3  

U N C L A S S I F I E D  HEPOHT 
C l S T H l B U T I O N :  NO F O R E I G N  WITHOUT APPROVAL OF 
D I A E C T O R ,  A I R  FORCE M A T E R I A L S  LAB*,  ATTN: 
M A Y @  UURIGHT-PATTEHSON AFB, O H I O  45433, 

SUPPLEMEhTARY NOTE: PREPhRED I N  COOPERATION W l f H  P H I L C O  
F O N D  CORPo, NEWPORT BEACH,  CALIF^, AERONUTRONIC 
U I V o  SEE ALSO PART 2 ,  b o w 8 6 2  2 7 9 .  

D t S C H I P T O R S t  ( *REFHACTORY COATINGS, E M I S S I V I T Y ) ,  
( *HEFKACTORY METAL ALLOYS, REFRACTORY C O A T I N G S ) ,  
l ~ I O b I u M  A L L O Y S ,  MOLY80ENUM ALLOYS,  TANTALUM 
ALLOYS, S I L I C I D E S ,  METAL COATINGS,  CHROMIUM, 
T I T A N I U M ,  S I L I C O N ,  ALUMINUM, T I N ,  IRON,  
SLURRY COATING I U )  

A L L O Y  T 2 M e  TANTALUM A L L O Y  l o #  ( U )  
i O E k T i F I E R S I  N I O B I U M  ALLOY C@"7S2 ,  MOLYBDENUM 
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D O C  HEPORT ~ ~ I B L I O G R A P H Y  S E A R C H  C O N T R O L  N o @  0 4 5 5 1 ~  

A d - 4 9 2  2 8 6  
A M E H I C A N  M A C H I N E  A N D  F O U N D R Y  C O  A L E X A N O R I A  V A  A L E X A N D R I A  
D I V  
I k i P r t O V ~ 0  I ~ A D I A T O H  C O A T I N G S .  P A H T  I *  { U I  

O L S C W I P T I V E  N O T E 3  R E P T r  F O H  1 APH 63.1 A p R  64, 
JUN 6 4  82P s C H A ~ Z , E L I H U  A .  I C O U N T S ,  

ChAHLkS K. , I I I I B U R K S , T E M A N  L o  1 
C U N I H A C T :  A F 3 3  657 10764 
P H O J ;  7 3 4 0  
T w S K ;  7 3 4 0 0 7  
M U N I T O R ;  M L  T O R 6 4  146 

U N C L A S S I F I E O  H E P O R T  
NOFOHN 

S U P P L k f i E N T A K Y  NOTE: K E P O R T  O N  N O N M E T A L L I C  A N D  
G O h P O S I T k  M A T E R I A L S *  
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l j o c  HEPOHT ~ ~ ~ L I O C H A P H Y  SCAHCH CONTROL NO. 045518 

A O - 4 6 8  576 
AMERICAN MACHINE AND FOUNDRY Co A L E X A N D R I A  V A  ALEXAIJORIA, 
D I V  
IMPHOVEO HAOIATOR COATINGS.  P A R T  I I *  ( U )  

D t S C H I P T € V E  NOTE: T E C H N I C A L  DOCUMENTAflY R E P T * @  1 APR 61- 
1 APH 6 5 ,  

CHARLES K O  D I I I e  I A L V A R E Z  ,GEOHG6 H *  I 
HOPPKL,MAHCUEflITE A *  I 

CONTHACT: AF33 657 10764 
P n O d ;  7340 
TASK: 734007 
M o N ~ T ~ H ;  M L  T U R l 6 4 - 1 4 6 = p T = 2  

A l J i i  65 99P SCHATZ tI;;LIHU A. ICOUNTSD 

U N C L A S S I F I E O  REPOHT 
NOFORN 

SUPPLEMENTARY NOTE: SEE ALSO P A R T  1 1  AD ’I42 2 8 6 0  

OLSCHIPTOHS;  (.THERMAL R A D I A T I O N ,  METALS) ,  
~ * G A I D E S D  THERMAL P H u P E R T I E S ) ,  EMISSIVITY, 
k E F L E C T I O N ,  COATINGS, THERMAL P R o P C R T I E S ,  

~ P E C T H A ( I N F R A K E D ) ,  S I N T E H I N G ,  CHHOMSUM 

ivlCKEL COMPOUNDS, A C C E P T A B I L j T y ,  I N S T R U M E N T A T I O N @  
V/LCUdM APPAHATUS, PRESSURE, P O W D ~ , H S ,  A L U M I N U M ~  
TUNGSTEN, TANTALUM, C H R O M I U M ~  TEMPERATURE,  

~ P E C T R A ( V I S I B L E  + U L T R A V I O L E T ) ,  

COnPOUNDS, I R O N  COMPOUNDS, C O B A L T  COMPOUNDS, 

MOLYk3DENUM COMPOUNDS, MAGNESIUM COMPOUNDS, 
J O N D I N G ,  PHOSPHATES, S I L I C A T E S ~  S T A I N L E S S  STEEL, 
A C I N B ( M A T E H 1 A L S )  

HEFLECTANCE,  CHROMIUM ( 1 1 1 )  O X I O k ,  I R O N  ( 1 1 1 )  
U X I O E ,  COBALT OXIDE8 N I C K E L  OXIDE, MOLYBDENUM 
T R I O X I O € i  MAGNESIUM O X I D E ,  T l h l  ( I V )  O X I D E ,  
L I N C  O X I D E ,  ALUMINUM O X I D E  

1 3 E h T I F I E H S :  s P E c T H A L  E M ~ T T A N C E D  SPECTRAL 
( U )  

D U R I N G  T H I S  SECOND YEARVS E F F O R T  RESEARCH WAS 
C O k T I N U E D  T O  UNDERSTAND THE FUNOAMENTAL V A R I A 8 L E S  
CONTROLLING THE THEHMAL R A D I A T I O N  P R O P E R T I E S  OF 
M A T E R I A L S 1  AND TO APPLY THE RESULTS TOWARO THE 
DLVELOPMENT OF HIGH E M I T T A N C E  COATINGS F O R  THE 600  T O  
f G O 0  C HAlYGE. S T U U I E S  THAT H E R E  PERFORMED 
!I~CLUDED A SURVEY OF THE S P L C T R A L  E M I T T A N C E  OF 4 2  
S I N T E R E D  O X I D E S ,  A COMPARISON OF TOTAL EMITTANCE 
MkiASUHtMENTS PERFORMED i N  VACUUM JVITH THOSE PERFORMED 

V A H I A B L E S  ON THE SPECTRAL REFLECTANCE OF COMPACTED 
P O r ’ j D E R S o  F O R  THE L A T T E R  CASE THE E F F E C T S  OF 
PRESSURE, P A H T I C L E  S I Z E ,  C O M P O S ~ T I O N I  AND EXTENT Or 
H E A T I N G  WERE DETERMINED,  (AUTHOH)  ( U )  

A T  ATMOSPHERIC PRESSURE, AN0 T H ~  EFFECT OF NUMEHOUS 
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Ab-4123 7 9 3  
A M E d I C k i r  M A C t i f N E  ANb FOUNDRY CO A L E X A N D R I A  V A  A L E X A N D R I A  
D I V  
H I G d  T E ~ ~ P E R A T U H E ,  HIGH E f 4 I T T A k f t ;  I N T E R M E T A L L I C  
CUATINGS.  PART E M I T T A N C E  AND REFLECTANCE OF 
I h T E H M E T A L L I C  COMPOUNDS 1 U )  

U L S C ~ I P T I V E  NOTE: F I N A L  HEPTe FOh JUN 6 2 - J U N  6 3 ,  
AUG 63 1 8 1 P  S C H A T 2 , E L I H U  A *  ICOLOBERGB 

D A V I G  M. I P E A R S O N , E R V i N  GeIfiURKS,TEMAN L *  I 

C O N T R A C T ;  AF33 657  8877 
PnOd: 7390 
T A S K :  734007 
M 3 ~ 1 f i ) H ;  A50 T O R 6 3  6 5 7 ,  P f e  4 

U N C L A S S I F I E D  HEPOHT 
. N O F G H N  

S U P P L ~ M E N T A H Y  N O T E :  

D & S C i t I P T O H S :  ( * I N T L R M E T A L L I C  COMPOUNDS, C O A T I N G S ) ,  
( * L M I S ~ I V I T Y D  I N T E N M E T A L L I C  COMPOUNDS), REFLECTION,  

P W ~ P E R T I E S I  SPECTRA ( V I S I B L E  + U L T R A V I O L E T ) ,  SPECTRA 
oOkIDESc S I L I C I D E S ,  H I G H  TEMPEHATUHE RESEAHCH, P H Y S I C A L  

I I I ~ F H A ~ E D ) ,  CAHBIOLS, N I T R I D E S ,  A L U M ~ N U M  COMPOUNDS, 
00txON COMPOUNDS, B L R Y L L I U M  COMPOUNOS, S I L I C O N  COMPOUN(U) 

I U E h T I F I L d S ;  1 9 6 3 ,  PACK CEMENTATION,  B E R Y L C I D E S ,  
A L U H I N I D E S D  CHROMIDES ( U )  

SPECTt?AL T O T A L  REFLECTANCE ( 0 . 2 3  2 * 6 5  
M i C d O N S )  AND SPECTRAL NORMAL E M ~ T T A N C E  CURVES ARE 
P k E S L N T E O  FOR HIGH TEMPERAT'URE, O A I O A T I O N  
W k S I S T A N T ,  I N  T E R M E T A L L I C  COMPOUNDSe M A J O R  
E P i P t i A S I S  #As GSVEN T O  S l N T E R E U  S A M P L E S  O f  
A L U M I N I Q E S ~  B O R I D ~ S I  B E R Y L L I D E S  AND S I L I C I D E S e  
A L U M I N I O E  ANU S i L I C l O E  C O A T I N G S  PREPARED BY P A C K  
CEMENTATION T E C H N I Q U E S  NERE ALSO S T U D I E D *  THE 
E M I T T A N C E  AN0 REFLECTANCE P H Q P E R T I E S  ARE S I M I L A R  FOR 
M O S T  COMPOUNDS H A V I N G  D ~ F F E H E N T  STOICHIOMETRIC R A T I O S  
OF THE SAME E L E M E N T S *  ( A U T H O R )  1 U )  
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DOC HEPOKT d I B L l O G f t A P H Y  SEARCH CONTROL N O 0  045516 

A O - 4 6 0  050 
A ~ E H I C A N  M A C r l I N E  AN0 FOUNDRY C O  A L E X A N D R I A  V A  A L E X A N D R I A  
DIV 
H I G H  TEMPERATURE, H I G H  E M I T T A N C t  INTERMETALLIC 
COATINGS.  P A d T  1 1 8 0  P R E P A H A T I O N  AND THEHMAL 
R A D i A T I O N  P R o P E Y T I E S  OF I N T E R M E T A L L I C  COMPOUNDS A N D  
C O A T I N G S 0  ( U J  

OESCRIPTIVE NOTE: F I N A L  d E P T r ,  JUN 6 4 - H A Y  65 ,  
J U L  65 10r )P S C H A T Z p E L I H U  A, I A L v A A E z ,  

GEOrlGE HI ICOUNTS,CHARLES R e  ,IlIlHOPPKE@ 
I~ARGUERITE A 0  I 

C ~ N T H A C T :  AF33 657 8877 
PNOd: 7340 
T A S K :  734007 
M O N I T O R I  ML T R = b S - 2 1 7  

U N C L A S S I F  I E O  NEPOHT 
NdFOKN 

SUPPLLMENTARY NOTE8 HEPORT Oh N O I V M E T A L L I C  AND 
C O M P G S I T E  M A T E H I A L S O  SEE ALSO PART 1 ,  A D - 4 2 3  7 4 3 0  

D t S C F i I P T O i t S ;  ( * C O A T I N G S ,  O K I D E S I I  
( * E M I S S I V I T Y ) ,  I N T E R M E T A L L I C  COMPOUNDS, T I T A N I U M  
ALLOYS,  H E F L E c T I o N ,  T H E R M A L  R A D I A T I O N 8  SURFACE 
P S O P L R T I E S ,  POJJOERS, A L U N I N U f l  ALLOYS, BORIOES,  
SlLICIDES, O X I D A T I O N ,  B E H y L L I u N  A L L O Y S ,  H E A T I N G ,  
A-HAY o I F F P A C T I O N  A N A L Y S I S ,  TANTALUM ALLOYS, 
THICKI~ESS, LOW-PRESSURE HESEARCH, M E T A L  F I L M S ,  
1 L I i i B I U ? l  ALLOYS,  HIGH-TEMPERATURE RESEARCH, B A R I U M  

I L J E I ~ T I F I E H S ;  * B I N A R Y  SYSTEMS, *SURFACE ROUGHNESS, 
S O H P O U N D S ,  CHLORIDES, F L U O H I L E S  ( U l  

~ O X I O A T I 4 N ’ R E S I S T A N T  C O A T I N G S  4U) 
* H I - J A C ,  I N E R T  ATMOSPHERE, * T H I N  OXIDE FILM, 

s ~ J H F A C E  SOUCdNESS AND SURFACE O X I D A T I O N  WERE FOUND 
TO 8 E  THE TWO KEY V A R I A B L E S  THAT M O V I F I E D  THE THERMAL 
R A O I A T I O N  P i i O P E R T I E S  OF I N T E R M E T A L L I C  COMPOUNDS AND 
C O A T I B U G S O  I N C R E A S E S  I N  SURFACE HOUGtINESS OR IN THE 
T h l C K N E S S  OF THE O X i D E  L A Y E R S  USUALLY I N C n E A S E D  THE 
E M I T T A h C E  OF THE S P E C I r l f N S .  THE T H I C K N E S S ~ S  OF THE 
FbHMEii’ O X I D E  L A Y E N S  WERt; FOUND T O  6 €  E S P E C I A L L Y  
D I F F I C U L T  TO CONTHOL BECAUSe EVEN UNDER HIGH VACUUM 
( O e 8 0 0 G 1  T O R )  O R  I N  I N E R T  ATMOSPHERE (MORE T H A N  
1 PPM OXYGEN) S U F F I C I E N T  OXYGEN B A S  PRESENT T O  
R€ACT N I T H  I N T E R M E T A L L I C  COMPOUNDS WHEN H E A T E D  T O  
OVER 500 C o  T H I N  O X I D E  L A Y E R S  A C T E O  AS 
I N T t H F E k E N C E  F I L M S ,  AND T H E I R  E F F E C T  WAS DEPENDgNT ON 
THICKNESSI AND T H f  N E F R A C T I V E  I N O I C E S  OF THE O X I D E S  

S I L I C l o E  COATINGS,  PREPARED BY A PACK-CEMGNTATION 
MCTIIOD~ WERE I N V E S T i G A T E D .  H I G H  E M I T T A N C E  
COATINGS8 H A V I N G  E X C E L L E N T  O X I D A T I O N  R E S I S T A N C E ,  I f f f ( U )  

AND INTLHMETALLICSO ALUMSNILtE,  8E:HYLLlDE AND 
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3 r ) C  REPOHT t j I d L I O G i ? A P H Y  S E A R C H  CONTROL NO* 045818 

A 3 - 4 6 2  O l d  
a u E i N u  C O  S E A T T L E  WASH 
E V A L U A T I O N  OF T I C  EMITTAfJCE IMPROVEMENT TOPCOAT ON 
D i S I L  COATED T Z M  ( M U - O O ~ T I - O * ~ Z H ) (  

I S T R A T T O N , % r  K * ;  
3 C T  b q  7 e P  G U N D E R S O N ~ J O  a0 I L I N O H , O o  V a  

H t p T o  N O *  92136145.11 
CUNTRACT: A F 3 3  615 1624 

E V A L U A T I O N  OF THE AOHESION, N E A T H L R I N G  HESISTANCE 
AiuD ALLOWABLE T O T A L  NORMAL L M I T T A N C E  F O R  THE TIC 
TOPCOAT ON O I S I L  COATED T Z M  WAS R E Q U I R E 0  T O  
C H A i t A C T E R I Z E  THE S Y S T E M t S  PERFORMANCE P O T E N T I A L  FOR 
ALROSPACE A P P L I C A T I D N S  SUCH AS PASSIVELY COOLED G L I D E  
E N T H Y *  SPECIMENS O F  2 0  MIL SHEET TZM iVERE COATEI) 
A N 0  E V A L U A T E 3 r  THE T I C  TOPCOAT RESULTED I N  
T O T A L  NORMAL E M I T T A N C E  HIGHER THAN THOSE O B T A I N E D  FOR 
STi7AAGHT OISIL C O A T l N G  ON TLMI THERE '&AS NO 
LOSS OF S O H E S I O N  IN B E N O  T E S T I N G  I N  S P I T E  OF SEVERE 
CRACKING OF THE D I S I L  C O A T I N G  Ah0 EVEN 6 A S E  METAL 
FRACTURE*  L8KEWISE THERE WAS NO L O S S  OF ADHESION 
I N  V I d R A T I O N  T E S T I N G *  WEATHERIN6  EXPOSURES 
PHOPtJCEI) NO D E T E C T A B L E  EFFECTS ON E M I T T A N C E  OR 
O X I D A T I o N  L I F E  I N  SUBSEQUENT s. IMULATED G L I D E  ENTRY 
P R O F I L E  T E S T S *  1 S O T H E R M A L " I S O B A R I C  T E S T I N G  
VLRIFIED THAT THE E M I T T A N C E  OF THE C O A T I N G  SYSTli;M WAS 
S T A B L E  FOR EXTENOEO'EXPOSURL TI .nES I N  AERO-SPACE TYPE 

A L L O I A B L E  TOTAL NORMAL E M I T T A N C E  VALUES WERE 
C A L C U L A T E D  F O R  A SPkCIFIC T Y P I C A L  ENTRY F L I G H T .  

ENVIRONMENTS, A T  TEMPERATURES UP T O  3000 F. 

{AUTHOR J (U) 
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DOC R E P O R T  B I B L I O G H A P H Y  SEARCH CONTROL NO* 0 Y t i S l 0  

A0-347 0 9 s  1 1 / 6  11 /2  2 2 / 2  
B O E I N u  C o  S k A t T f E  NASH 
PERFORMANCE OF O X I D A ? l O N  R € S Z S T A N T  C O A T I N G S  FOR 
CQLUM8ICrM ALLOYS 

OEC 6 3  1 v  O R E l S B A C H ~ W o  GLEN I 
REPTO NO. 0 2  8 1 1 1 1  2 

SCP 4 C O N F I O E N T I A L  REPORT 

SUPPLEMENTARY N O T & :  
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uDC 3EPORT B f B L f O G R A P H Y  S E A H C H  CONTROL NO. 095516  

U N C L A S S I F I E U  HEPOHT 

5UPPLEMENTARY NOTE: HEPOdT Oh T H L  CHEMISTRY AND 
P H Y S I C S  OF M A T E R I A L S *  

D t S C R I P T O R S I  (.REFHACTORy M E T A L S  AND ALLOYS, C O A T I N G S ) ,  I 

( * C O A T I N G S #  E P I I S S I V I T Y ) ,  ( * P f i O T E C T I V E  TREATMENTS, 
dEFKACTORY METALS AND A L L O Y S ) ,  A N T I O X I D A N T S ,  THERMAL 
K A D I A T J O N ,  S I L I C I O L S ,  PYNOMETEHS, O P T I C A L  E Q U I P M E N T ,  
PiOLYdULNUM, TUNGSTLN, N i 3 8 1 U M t  T A N T A L U N  LU) 

tu) I 3 E N T I F I E k S :  1963,  PACK CEMENTATION 

MLASUHEMENTS OF THE V A R I A T I U N  OF T O T A L  
H t i l I S P H E R I C A L  E M I T T A N C E  AND N O R M A L  SPECTRAL E M i T T A N c E  
(LAPiBDA 0 0 0 6 5  M I C R O N )  W I T H  I N C K E A S i N G  
T i M P E d A T U H E S  HAVE BEEN MADE ON SOME P A C K - C E N E N T A T I O N  
D i S I L i C I L J E  TYPE O X I d A T I O N  R i S I S T A N T  C O A T I N G S  FOH THE 
A L F R A C T O ~ Y  METALS,  MOLYUDENUM, T U N G ~ T E N ,  N l o B I U M  AND 
Tki \ iTALUMo THE NURMAL SPECTRAL E M I T T A N C E  ( L A M B D A  
p 0 0 0 5  M I C R O N )  OF THE COATINGS ON D I S C  SAMPLES, WAS 
3t;TEHMJNEO N I T U  A M I C R O - O P T ~ C A L  PYROMETER, WHICH ' J Y A s  
S I G r l T k D  I N T O  A d L A C K  BOclY  HOLE, D R I L L E D  I N  THE SAMPLE 
AfJP T d E N  ONTO THE AUJACENT A R E A ,  THE TOTAL 
H t M I S P H E R I C A L  E M I T T A N C E  O f  THE C O A T I N G S  ON R I B B O N  
SPECIMENS W A S  FOUND BY USE OF A C A L I B R A T E D  T O T A L  
N A D ~ A T ~ O N  PYROMETLH, WHICH SAMPLED THE ENERGY 
R A D I A T E D  F R O M  A U N I F O R M  TEMPERATUkE H E G I O N  
E S T A B L I S H E D  ABOUT THE CENTER P O R T I O N  OF THE 
E L ~ C T H I C A L L Y  H E A T E D  RIBBON SPECIMENI THE 
3IFFUSENESS OF THk SURFACE OF THE VAfZIOUS C O A T I N G S  
1jrAS FOUND BY T A K I N G  ANGULAR D I S T R I B U T I O N S  QF THC; 
~ A D I A T I O N  E M I T T E D  FHOM THE CEN?ER P O R T I O N  OF THE 
SkMPLf R I B B O N S  AT V A R I O U S  TEMPERATURES W I T H  THE T O T A L  
R A D I A T I O N  PYROMETt;;R* THG CONFIDENCE L I M I T S  PLACE0 
O N  THESE DATA ARE 15 PERCEEUTr (AUTHOR) ( U )  

'I 
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D O C  r(&PORT B I B L I Q G H A P H Y  SEARCH CONTROL N O o  045618  

UNCLASSIFIED R E P O R T  

OtSCRIPTOHS: * E M I S S I V I T Y ,  *LOiV=PRESSURt RESEARCH, 

d I C i H - T E M r E H A T U R E  RESEAHCHl  MOLYBDENUM, MOLYBOENclM 
+SILICiOtS, COATINGS, CORROSiOh I N t i I B I T I O N ,  E V A P O R A T I O N ,  

A L L O Y S ,  H O D S ,  S H E E T S ,  S T A B I L I T Y ,  T I T A N I U M  ALLOYS ( U )  

~ T A B I L I T Y  ANu EMITTANCE OF MOLYeOENUM O I S I L I C I O h  C O A T X N C  
QNDEN V A R Y I N G  TEMPERATURES AND PRESSURESO 

i r7J-1375Lt  ISSUE 3 PAGE 512 C A T E G O R Y  17 6'3 
/10/00 UNCLASSIFIED DGL'UMENT 

i i m i s s i v i t y  a n d  electrical r e s i s t i v i t y  of t i t a n 1  
uu ccrruide a t  h i g h  t e m p e r a t u r e s  

( T i t d n i u m  carbide h e m i s p h e r i c a l  a n d  spectral.  5rn 
i s s i v i t y  and e lec tr i ca l  r e s i s t i v i t y  measured a t  h i  
9h  t e m p e r a t u r e )  

A / C H Z K N O V S K O X ,  V- 1A-z B/PU;TROV, V I  A - ;  C/SHE 
I h ' i I L L N ,  A. E. ( A C / A , K A D E H I I A  N A U K  SSSR, N R U C H N O -  
ISSLE3OYATEL'SKII INSTITUT V Y S O K l K H  TEMPERATUR,  MO 
SCOW, U S S R / . )  

A K A D E M I I A  N A U K  SSSR, I Z V E S T I I A ,  N E O R G A N X C H E S K X  
li M A T E B I A L Y ,  V O L .  5, P.  1533- 1536. I N  R U S S I A N .  

/*ELECTRICAL RESISTIVXTY/*EMISSIVIl!X/*HIGIi TEM 
PEBATURE T E S T S / * T I T A N I U M  CA.RBlDES/ S I N T & i R X N G /  SPEC 
TB A L  EM1 SSION/ WAY ELE NGT HS 

.. 

i 
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Ab9-.30985& ISSUE I S  P A G E  2640 CATEGORY 1 7  
O9/04/i)O, ' U N C L A S S I P I E L  DOCUMENT 

Inteqral  hemispherical e m i s s i v i t y  of p y r o l y t i c  
z i r c o n i u m  c a r b i d e  

( P y r o l y t i c  z i r c o n i u m  c a r b i d e  e m i s s i v i t y  d u r i n q  
i n i t i a l  h e a t i n g  compared with r e s u l t s  for s p e c i m e n  
s p r e p a r e d  by powder  i i i e ta l lurgy)  

A/CHEKUOVSKOI, V ,  I A . ;  B/DYMOV, I). K.; C / K I L I  
N e  V -  S o ;  L)/I'ETROV, V.  A .  

TEPLOFIZIKA V Y S O K I K H  TEMPERATDH, VOL, 7,  P o  26 
Q-264. / A i ( A D E M I I A  N A U K  SSSR, NBUCHNO- ISSLEDOVAT 
EL'SKII IINSTITUT VYSOKIKH TEPIPERATUH, OSCOrJ, USSR 

/ * H I G H  TlitlPEHATURE RESEA RCH/*PYROLYTIC MATERIA 
iS/*TMEi3MkL EMISSXON/*Zfl3CONIUM CARBIDES/ POWDER M 
ETHLLURGY/ REPBACTORY MATEH.LALS/ THERMODY NAMIC PRO 
P E R T I Z S  

/. IN R U S S I A N .  

__ . - . . . - - - . - 

A69-30384# ISSUE 15 PAGE 2640 CATEGORY 1 7  
69/04/00 UNCLASSIEIED DOCUkiENT 

I n t e g r a l  normal  e m i s s i v i t y  of t a n t a l u m  and hafn 
Aum c a r b i d e s  a t  temperatures r a n g i n g  from 1300 to 
3000 deq K 

(Integrdl n o r m a l  e u i s s i v i t y  of Ta and €if c a r b i d  
es a t  temperatures from 1 3 0 0  to 3000 K measured by 

A/NIKOLAEVA, V ,  A , ;  B/PETHOV, V, A,;  C/SHEIND 
L I a ,  A. E . ;  D / V I N N I K O V A ,  A .  ll. (AA/AKAI)EMIIA N A  

H, NAUCHNO- ISSLi3DOVATEL'SKII:  INSTITUT VYSOK 
IIKH TEi'iPERATUR, MOSCOW, USSR/,)  

T i iPLOPIZIKA V Y S O K I K H  TEPIPERATUR, VOL. 7, P. 25  
7-259. IN H U S S I R N ,  

/*EMISSIVITY/*HAPNIUM C A H B I D E S / * H f C H  TEMPERATU 
R E  TZSTS/*TANTALUM CAHBIDES/*THERMAL EMISSION/  THE 
RMOPdYSICAL PROPERTIES/  VACUUA CHAMBERS 

radiation method i n  vacuum) 

_ _  _- 

i 
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Ab7-29546 ISSUE 15 PAC;% ,2503 CATgGOBY 17 . 6  
7/00/00 ,, ' UNCLASSIFIED DOCUMENT 

i l i q h  t e m p c r a t u r e  emi t tance  of coated refractory 

(Codteeti re f rac tory  u r c t c h l s  theruial e r n i t t c t n c e  mea 
suxed a t  h i g h  t e m p e r a t u r e s  for design of reentr'y v 
c h i c  Le u ndt? r t i  me- t e in pa  r d t u re- p re s s u  re p r  o t' i l e )  

A/ALLEN, T o  H.; U/JOMNSON, C 0  2,; C/RUSERT, E 
0 L. (AC/MCDONNUL CO., ST. L O U I S ,  M O O / . )  

IYIATEHIALS, SOCIETY OF AEROSPACE MATERIAL AWD PHOCE 
SS ENGINEEHS, NATIONAL SYPIPOSIUM A N D  EXHIBIT,  l l T H  
, ST. LOUIS, KO., APB. 19-21, 1967, PHOCEEDINGS. 
<A67-29534 IS- 18< NOHTil HOLLYWOOD, CAL.T:P., WESTE 
i3N 2 E R l U D I C A L S  COS /SCIENCE OF ADVANCE.D HATERXALS 

m c t d l .  

13-  THE EFFECTS O F  THE SPACE ENVIRONMZNT ON 

A N 0  PHOCESS ENGINEERLNG SEHIESo VOLUME 1 I/, 1967, 
P .  111- 123. 42 I<EYS. 

/* 14 E AT S li I E L U/* 11 A DX AT1 0 N ME AS U RE M ENT/* i3 E N T R Y 
V E li I C L E/*R E I" R A C T 0 H Y M E T A L/ * T 1i E R fi A L E M IS S I 0 N/ CON F E 
R E N C 2 /  EYISSIION/ HEAT/ MATBRIAL/ MEASUREMENT/ META 
L/ YHE:SSUi{E/ HADTATION/ IXENTHY/ BEPRACTORY/ SHXEL 
D/ TESTING/ THERMAL/ T.TME/ VEHICLE __ - . -- 

Ad3-24987*  I S S U E  24  CATEGORY 6 63/00/00 U N  
CLASSII'IEU DOCUMENT 

or spcicecraft r a d i a t o r  c o a t i n g s )  
( E i i i i t t d n c e  measurcrneuts of uiaterials s u i t a b l e  f 

A/ASKWYTU, W e  H.; B/flAY%S, H. J.; C/MIKK, G o  

EMITTANCE OF MATERIALS SUITABLE FOB USE A S  
SPACECHBFT HADIATOR COATINGS. W. €1, ASKWYTH. R o  J. 
HAYES, AlVD G o  l Y I K K  /UNITED AIHCRAFT CORP., PRATT 

A N D  IJHITNEY AIaCRAFT D 1 V . n  EAST U A H T F O R D .  CONNo/o 
/ A H g R I C A H  ROCKET SOCIETY, SPACE POWER SYSTEPlS CON 

PEildNCE, SANTA MONICA, CALIF. ,  S E P T .  25-28, 1962./ 
1 ~ -  YOeJEH SYSTEiYS FOH SPACg FLIGHT. PROGRESS I N  

Y MIORBIS ZIPKIN ANI) RUSSELL N. EDWARDS. NEGl YORK, 
ASTZONAUTLCS AND AERONAUTXCS. VOL- 110 EUITED t3 

ACADEMIC PRESS, X N C o ,  1963, P o  401-4250 U A S A - S U P  
PORTED RESEARCH, 

/*COATING/*SPACECHAFT H A D I A T O B /  EMISSIVITY/ HE 
A T /  i3EM XSPHERE/ H I G H  VACUUM/ M A T E R I A L /  MEASUREMENT 
/ BADIATION/ R A D I A T O R /  SPAC&CRAPT/ TBEBMAL 
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i 
N69-70383 B G l P P D S 7 1  62/03/15 UNCLASSXFXED DO 
CUIYEHT 

Eiriittance c o a t i n g  s t u d i e s  on C b - 1  Zr alloy 
A/DOTSON, Li E, 
GENZHAL ELECTRIC C 0 . I  EVENDALE, O H I O ,  

* IY E*r Ti L c OA TI uc s / *  N IO B I: u M ALL o Y SI* N UCLE AR PO w E 
Lt PLANTS/*THEHMAL STABILITY/*ZIHCONIUM ALLOYS/ A L U  
FlLNUIY O X I D U S /  HEAT R A D I A T O R S /  fIEBT RESXSTANT ALLOY 
S/ S P A C X B A F T  POWER SUPPLIES/ TEST EQUIPMENT/ THER 
HAL BMISS;IOI/ TXTANIUM OXIDES 

NbJ-U.2157 I 61/07/00 UNCLASSTPTliU DOCUMEN'P 
A/i1JBLM, L e  N -  
O I R d C T O R A T E  OF MATLNIALS A N U  PIIOCESSES, AEHOUAU 

DXillCCTORATE OF MATERLALS A N D  YROCESSE!;, AEHO 

HLk'l<ACTOi.(Y EMISSIVE COATINGS L. 24. HJELM IN ITS tl 
ATdR. SYMP.. HOTEL WESTWARD 110, PHOENZX, A d I Z . ,  1 3  
-15  SdPT. 1 9 6 1  JULY 1 9 6 1  P482-502 10 Riik'S /SEE 

TLCAL SYSTEMS D I V . ,  WBIGIIT-PATTERSON AFB, O i l I O .  

NAUTICAL SYSTEiEIS D I V . ,  WKLGdT-PATTdRSON AFD, O i i I O  

N63- 82126 -30/ 
/ CEHALlICS/ COATING/ DIFFUSION/  EMISSTVITY/  G R  ' . 

A P d I T U /  AETAL/ HEYUACTLON/ RdTNPORCEMENT/ SPRAYING ' 

N64-17588*# 'ISSUE 9 CATEGORY 1 9  NASA-CR-5323 
4 AMP-AR63-502A 63/00/i)U U N C L A S S I F I E D  DOCUMENT 

S u p p l e m e n t a l  i n f o r m a t i o n  on h i g h  t e m p e r a t u r e  CQ 

( H i g h  t e m p e r a t u r e  and h i g h  e m i t t a n c e  coatings) 
ating and material  programs a t  am€ 

A/BHOUNZNG, M. E . ;  B/MC CANDLESS, L a  C,; C/PE 
AHSOiJ, E.  G . ;  D/SCFIATZ, E.  A.  

A. AVAIL. C F S T I  

D LiEFBACTOHY COBP0S;IYES W O R K I N G  GROUP, PALO ALTO, 
C A L I F . ,  11-14 MAR. 1 9 6 3  

/*COATING/*HZGH TEMPd13A'L'UR~ RESEABCH/ ALUPlINUH 
/ Bi3BYLLIUM/ COi4POUND/ EMISSIVITY/ H I G H  TEMPERATUB 

A8EBICAN MACHINE A N D  FOUNDRY COe, ALEXAaDRIA, V 

<1944< 6 P S U P P L .  THE REPT, TO T€iZ P A S A - A S  

.. E/ OXIDATTON/ RZSEARCH/ RESLSTAKE/ SILICIDE 
.- -.- - - 
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NbJ-17216t  1:SSUE 9 CATEGORY ltl 64/01/24 U N  
C L A S S L Y I E D  DOCUIYENT 

O x i d a t i o n - r e s i s t a n t  coatings for refractory met 
a l s  review of  recent developments 

(Oxidation-resistant  c o a t i n g s  for refractory me 
tals arid a l l o y s )  

A/ENGLISH, Jo J e ;  B/ ( ;XBEAUT,  W o  A,  
BATTELLE MEMOBIAL I N S T . ,  COLUMSUS, O H X O .  (DEP 

E N S E  METALS INPORMATION CEXTEM) 
21) JAM. 1964 4 P B E Y S  

/*OXIDATION R~SISTkNCE/ePHOTECTIVE C O A T I N G / * R E  
FHACTORY ALLOY/+REFRACTOHY METAL/ ALLOY/ C O A T I N G /  
d I: S S I  V I T U/ M ET A L/ M OLY f3 I) E Ni l  19/ N I 0 B I U iJI/ 0 X I L) A T IO N/ 

PRO9!ECTION/ RXFRACTORY/ RESISTANCE/ S I L I C I D E /  T A N  
TALUCI/ TUNGSTEN 

Tota l  o p t i c a l  emissivity aiid e l e c t r i c a l  re s i s t i  
v i t y  of /L s u b  0.3 zr s u b  0.7/c i n  tne temperature 

rauqe 1400 deg k to 2800 deg  k 
( O p t A c a i  e in iss iv i ty  & e l e c t r i c a l  r e s i s t i v i t y  of 

uranium-zircomium c a r b i d e  p i n  a t  high temperature 
SI 

A/MLLLEB,  L a  W o ;  i3/TBTRO, L -  D o  

LUS ALAMOS SC.IIENT1FlC L A r 3 - n  N- MEX. AVA1.L. C 
FS TI 

19 NOV. 1963 17 P 
/*ELECTRIC RESISTANCZ/*OPTICAL EMISSION/* U R A N I  

COMPaZSSIUN/  ELECTRIC/ EMISSIVXTY/ H I G H  TEHPERATU 
RB/ OPTICAL/ OPTICS/  PXN/ POWDEB/ BESISTXVLTY/ U R A  
NICUM/ ZIRCONIUM 

U f.1 .C 0 i3 P 0 U N  D/* Z I R C 0 N Z U M C A8 B I: DE/ C A 2B.X DE/ C 0i.l PO U N D/ 

- _. -. __ .~ 

55 

LOCKHEED PAL0 ALTO RESEARCH LABORATORY 
L O C K H E E D  M I S S I L E S  a S P A C E  C O M P A N Y  
A G R O U P  D I V I S I O N  O f  L O C K H E E D  A I R C R A F T  C O R P O R A T I O N  



N b L -  IO , ' /UJ*#  .IctiSUlt: 3 CA'I'KGOliY 21 PWR-?U'/ / N 
ASW- 104 60/00/d,O UCCLASSLYIED 00CUIYI;;NT 

(I)eturmindtiou of t h c  emissivity oL mdtocials) 
PRATT A N D  WIi ITNEY AICRCk{APT, EAST IIARTk'QiID, CONN . 

PRATT & WHITNEY AIHCHAFT, EAST MAHTPORD,  CON 

SSIVITY OF MATEHIALS DUHING TH& PERIOD FROW JULY 1 
, 1960,  Tt iROUGfi  SEPT. 30 ,  1960, <1960< 73 .Po REF 
S. /PWA-1877/ /NhSA CONTRACT MASW-104/ OTS- PI1 3 
7.60. fix $ 2 . 3 3  

/ * C A R a I D E / ~ E M I S S I O N / ~ O X ~ ~ E / ~ P H O S P H A T E /  ALUMINU 
ri/ d I h l D E R /  BLACK/ BLAST/ BODY/ u O R O N /  CRYSTAL/ CRY 
S T A L L O G R A P H Y /  EMISSIVITY/  ENDURANCE/ HOLE/ INTENSI  
TY/ L R U i i /  MEASUREMENT/ P L A T I N U H /  Q U A L I T Y /  RADIATIO 
lu/ hIG/ S A R D /  SCANNi:NG/ SIZ&/ SPECTHUM/ SURFACE/ T 
I T  A N I: U il/ V A R i A T  I 0 N 

N. P ~ ~ O G B E S S  K ~ ~ P O L I T  O N  rriE D E T ~ R M X N A T I O N  o r  ~ i i ~  EMI 

___ - . - - _ -  ____. - 

Nb3-18320# ISSUE 17 CATEGOHY' 17 NASA-CH-5048 
7 PWR-2153" NASW-104 63/00/00 UNCLASSXPIED DO 
CUMZ:NT 

(Emission s p e c t r u m  measurements of r e f r a c t o r y  c 
o a t i n g  materials) 

AIHAYES, R. J. 
PRATT AND WHITNEY AIRCRAFT, EAST HARTFORD, CONN 

.) 

PRATT A N D  WIIITNEY AILiCRAFT, EAST HAHTFOBD, C 
O & N .  DETERMINATION OF THE E 3 L S S I V I T Y  OF MATERIALS 

QUARTERLY PHOGHESS REPORT, OCT. 1 THROUGH UEC. 31 
, 1962 H e  J. HAYES 1963 96P /NASA CONTLlACT N A S W -  
104/ / N A S A  CR-50407,  RWA-2163/ OTS- $8.60 PH, $3 

/ * C  0 AT I N G/* EM I S  S I O  N SP &C T R U  H/* H EF LI A CT 0 I i Y  6 AT E H 
XAL/ ALUMINUM/ BLACK/ BONDING/ PIOHON/ CALCIUM/ CAR 
BIDd/ CltI30MIUM/ COBALT/ D I O X I D E /  & M I S S I O N /  EMISSIV 
ITY/  ENDUitRNCE/ MATERIAL/ NICKEL/ O X I D E /  PALLADIUM 
/ REFMACTO t i Y /  SILICON/ SPECTRUM/ STAN NXC/ STMONTIU 
&/ TIN/  TITANATE/ TITAN.IUil  

0 0 8  MF 
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N63-10264* ISSUE 1 CirTBGORY 6 ARS PAPER-2538 
-62  62/00/00 UNCLASSIFIED DOCUBENT 

(Emittance of materials s u i t a b l e  for use as spa 
cecraft radiator c o a t i n g s )  

A/ASKWYTliI W e  H e ;  B / i l R Y E S ,  R o  J . ;  C/IVIIKK, G o  

PBATT A N D  WHITNEY AISCHAPT, EAST HARTFORD, CONN 

PRATT A N D  WHITNEY AIRCRAFT, EAST HAr?TFORD, C 
O N N .  THE EIYXTTANCE OF MATEi l IALS SUITABLE B O B  USE A 
S SPACECHAFT RADIATOR COATINGS d.  H, ASKUYTH, R. J 

t iAYES,  A N D  G. M I K K  N . Y . @  AM. ROCKET SOC. <1962< 
26 P 5 HEFS PRESENTEI) AT THe A R S  SPACE POWER S 

e 

YSTEMS COZJF. ,  S A N T A  MONICA, CALIF., SEPT. 25-28, 1 
962 /SPONSORED BY N A S A /  / A R S  PAPEH-2538-62/ ARS- 
$0150 MEIYUERS, $1.00 NDNMEHBdHS 

/ * C O A 1 ~ ~ N G / 4 E ~ I S S 1 O ~ / ~ S  PACE HADIATOICZ/ ACETYLENE 
/ A L U k l I N U t Y /  ARC/ D O N D I N G /  UOiIOL?ii/ CAHUIDE/ CH1iOMIUM 

DETEktIOi iATION/  EMISS.lV.LTY/ HEHISPHERE/ H I G H  VACU 
U [ l /  I H O N /  MkTErlIAL/ METAL/ NICKEL/ OXIDE/ PHOSPHAT 
E/  PLASMA/ POWEB/ BADXATOB/ SILICON/  SPACE/ SPACEC 
itAYT/ SUBST3AT&/ SUITABI.LITY/ TBMPEHATUHE/ TXTANXU 
M/ VACUUM 

- - - - - . - - 

N b L - 1 3 7 > 7 *  t t I  ISSUE 1 1  CATEGORY 21 N A S A - ' I N - D - 1  
268 62/37/00 UNCLASS.I#ZE:L) DOCUMENT 

(To ta l  iiornnnl e i n i t t a n w  of boron n i t r i d e  from I 
200-deq t t o  1900-deg  f w i t h  n o r m a l  spectral  eloitt 
dnce d a t a  a t  14OU-decj f )  

A/CASEY,  it'. J d , ;  B/WALKER, G. 11. 
NATIOiuRL AERONAUTICS AND S P A C E  AUMINLSTHATXON. 

LANtiLEY ZXSERRCH CENTER, L A N G L ~ Y  S'rATlON, VA. 
NATIONAL AERONAUTICS ANI) SPACE ADMINISTRATIO 

EASUREMENT OF TOTAL NORMAL EMIYTANCE OF BORON NITR 

ECTRAL S.MXTTANCE DATA AT 1 , 4 0 0  DEG P.  GXLBEnT Ii. W 

JULY 1962. 22 P. 2 REPS. / N A S A  TN D-1268/ OTS- 

N, LANGLEY RESEARCH CENTER, LANGLZY STATION, VA.  M 

IDE F R O B  1,200 DEG r TO 1 ,900  OEG P M I T H  N O B M A L  SP 

ALKZB A N D  PRANCIS W -  CASEY, J R e  WASHINGTON, N A S A ,  

2 0 e 7 5 e  
/*BOLION N I T R ~ D E / ~ E M I S S T O N / ~ S P Z C T R U M /  AEr?ODYNAII 

ICs/ BORON/ CAVITY/ EDGE/ EMISSIVITY/ FLUX/ HXGH S 
PEED/ H i G B  TEMPERATURE/ LWFRARiiD/ LNSEBTION/ L l N E A  
U/ tSEASUREi5I?Nl'/ NITRIDE/ NONCOMDUCTOR/ NOHMAL/ NOZ 
ZLX/ RADIATION/ REBUTBY/ REFRACTORY/ ROCKET/ S P E C 1  
MEN/ SPEED/ SURPACE/ TECHNI&)UE/ TEHPERATURE/ THICK 
NESS/ TOTAL/ TRANSPARENCY 

__  _ _ _ ~  - __ - -- __ 
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T iMPERATURE AS A FUt4CTION OF SlrRFBCE D I S T A N C E o  A 
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ThEr;(MAL CONDUCTANCE OF PLASMA SPRAYEO C O A T I N G S  OF 
A L L J ~ ~ I ~ ~ A - N I C K E L  AND Z I R C O N I A N I C H H O M E  TYPES. 
MLASUHEMENTS OF T U T A L  N O R M A L  E M l T T A N C E  OF M A T E R I A L S  
I h  Ah O X I D I Z I N G  ATMOSPIIERE A T  T E M P E ~ A T U R E S  OF 1000 70 

OF C O M P O S I T I O N  ON THE T H E R M A L  E X P A N S I O N  AND T O T A L  
NORMAL E M I T T A N C E  OF Z I R C O N I A  AND M A G N E S I A @  
A N A L Y T I C A L  AND E X P E R I M E N T A L  S T U D I E S  OF THE G E N E n A L  
Ct - iARACTERlSTICS AND WEIGHT R E Q U I R E M E N T S ' O F  
T t tAP4SPIRATION COOLED NOSE CAPS U S I N G  POROUS PlETAL 

Y G ~ O F .  E X P E R I M E N T A L  I N V E S T I G A T I O N S  OF THE E F F E C T S  

SURFACESO ( A U T H O R )  ( U )  
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1 
bi)C REPORT B I B L I O G R A P H Y  S E A R C H  CONTROL N O .  845506  

U h C L A S S I F I E D  REPORT 

E L S C d I P T o R S ;  ( *AEROSPACE C R A F T ,  THERMAL I N S U L A T I O N ) ,  
( * K E F f i k C T O R Y  M A T E R I A L S ,  AEROSPACE C R A F T ) ,  T A B L E S ,  
Q R A P H I C S ,  ALUPlJNUM CQMPOUFDS, O X I D E S ,  B E R Y L L I U M  
C O M P O U N D S ,  H A F N I U M  COMPOUNDS, T H O R I U M  COMPOUNDS, 
I ~ A G ~ ~ E S I U M  COMPOUNDS, S P I N E L S ,  Z I H C O N I U W  COMPOUNDS8 
I u I T R I O E S ,  C A R B I D E S ,  B O R I O E S ,  T E S T  EQUIPMENT,  
TEST METHODS, B R I T T L E N E S S ,  MQLYBUENUM COMPOUNDS, 

T k , i . r T A ~ U f + i ,  TUNGSTEN(  REFRACTORY METAL ALLOYS, 
n E i R A C T O R Y  METALS,  THERMAL P R O P E k T I E S ?  
~ E C i - l i i i i t C A L  P R O P E R T I E S ,  THERMAL C O N D U C T I V I  
T H E R M A L  R A D I A T I O N ,  THERMAL E X P A N S I O N # - S P E C I F I C  
hEhT 

b I L I C 1 3 E S l  G R A P H I T E (  N I O d I U M ,  MO~.Y&DENUM, 

cCNTENTS:  C O M P I L A T I O N  OF THERMAL, AND M E C H A N I C A L  
p i t r j P E R T l E S  OF REFRACTORY M A T E R I A L S ;  SURVEY OF 
M E T H O D S  OF MEASURING E M I T T A N C E ;  D E S C R I P T I O N  of  
R A D I A T I O N  MEASURING S Y S T E M .  I U )  
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U N C L A S S I F I E D  REPOHT 

A i ? t T H O D  OF MEASURING T H E  EMITTANCE OF SOLIDS ABOVE 
2~100 i i E C  C THROUGH THE USt; OF A S O L A R  FURNACE HAS 
SLEAI OEVELOPEDe TWO T E C H h I Q U E S  I N V O L V I N G  
5 P k . C I A L I Z E D  I N S T R U M E N T A T I O N ,  F O R  P E R F O R M I N G  THE 
h E C E S S A d Y  M E A S U F ~ E M E N T S  Y ~ E H E  I N V E S T I G A T E O ~  I N I T I A L  
E x P E ~ I ~ E N T S  SHOWEO THAT B O T H  T E C H N I W U E S  WERE S U I T A B L E  
A ~ D  T H A T  THE SPECIFIEO x N S T H U M E N T S  L E R €  ADAPTABLE FOR 
M A K I t v G  THE R E Q U I R E 0  MEASUREMENTS0 ( A U T H O R )  ( U )  

d 6 9 - 4 1 3 3 0 .  ISSUE 23 P A G E  4238 CATEGORi 3.3 6 
9/07/00 U N C L A S S I F X E D  DOCUMENT 

‘rile p i i o t o q r a p h i c  incthod for the study ot s p c x t r  
a i  e u i s s i v i t y  and s p e c t r a l  d i s t r i b u t i o n  of r a d i a t i  
on i n t e n s i t y  a t  h i g h  temperatures. 

( S p e c t r a l  e m i s s i v i t y  and  r a d i a t i o n  i n t e n s i t y  s p  
ectral d i s t r i b u t i o n  measureinents for heat- res is ta  
n t  w t e r i a l s  a t  h i g h  t e m p e r a t u r e ,  using p h o t o g r a p h  
i c  method) 

A/KLiUSTALEV, B .  A . ;  D/k<AKOV, A .  M. 
LIEAT TRAh’SFdR - S O V I E T  R E S & A R C t ~ ,  VOL. I ,  PI 17 

9-18 6. T R A N S L A T I O N ,  
/ * i i I G H  TEMPERATURE TZSTS/*PHOTOGRAPHIC IllEASU RE 

M 2 N T/*E AD1 A N T  FLU X DE NS IT Y/*BEL.” RAC TOR Y MAT ERI A LS/* 
SLJECTfiAL E B I S S I O N / * S D L C T R A L  ENERGY D I S T R I B U T I O N /  B 
LACK U 0 i ) Y  R A D I A T I O N /  DRIGHTNESS/ EMISSIVITY/ WOLYB 
Di2 N U  M/ N IO hIUtl/ T ANT ALU M/ THERM A t  i3ESISTANCE 

_ _  -._ 
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A69-41329 ISSUE 23 . PAGE 4237 C A T E G O R Y  3 3  6 
9/07/00 UNCLASSXFIED DOCUMZNT 

Methods of d e t e r m i n i n g  the i n t e g r a l  and s p e c t r a  
1 radiative p r o p e r t i e s  of materials a t  h i g h  t e m p e r  
a t u r e s ,  

(Yeat r e s i s t a n t  matec ia ls  i n t e g r a l  and spectral 
r a d i a t i v e  properties i n  I R  and visible r e g i o n s  de 

teriniried b y  c a l o r i m e t r y  and IB s p e c t r o m e t e r )  
A/KHaUSTALZVI B e  A,; B/RAKtoK A. fi- 
HdBT TRANSPEH - SOVIET RESEAHCH, VOL, 1, P. 16 

3 - 1 7 8 ,  TRANSLATION. 
/ * I N r ' H A R E D  R A D I A T I O 2 J / * L L G H T  ( V . L S 1 B L E  RADIATION 

) /*dEFiikCTORY MATERIALS/*SPECTRAL EMISSION/*SPECTR 
Ui': A3ALYSIS/ ABSO'RP!I!IVJ.TY/ BEAT MEASUREi4EIiT/ I N F R A  
R E 3  SPECTROMETERS/ R A D X A T I O N  IIEAS U RE aENT/ RADX ATIV 
E HEAT TBANSYER 

.___-__-_I_ - 

A69-25230# ISSUE '91 PAGE 1 8 8 8  CATEGOliY 1 4  
69/02/00 UNCLASSIFIED DOCUMENT 

Measuring procedure and experimental equipment 
for d e t e r m i n i n g  the i n t e g r a l  n o r m a l  e m i s s i v i t y  of  
structural materials  a t  temperatures r a n g i n g  from 
1200 t o  3000 K 

(Integral n o r m a l  e m i s s i v i t y  of e l e c t r i c a l l y  con 
d u c t i n g  ruaterials h e a t e d  t o  h i g h  temperatures by H 
F tieid of i n d u c t o r ,  discussing medsurement  proced 
ure and e q u i p m e n t )  

R / P l r : T i t O V ,  V I  A .  ; U/Sl321NULINI A. E. ; C/VINNIK 
OVA, Ai N e  ( A H / A K A D E M I I A  N A U K  SSSR, NAUCHNO- TSS 
LE d o  V AT EL S K I I X N ST I T UT VY S 0 K TK N T EM P E R AT U H., 1y1 OSCO 
u, USSH/,) 

TEPLOPIZIKA V Y S O K I K I - I  T E M P X R A T U H ,  VOL. 7 ,  P. 12 
1-126. IN RUSSTAM. 

/*EM IS S I V I'I' Y / * 11 I G [I T i l l  P E RAT U HE TESTS/* M EA S U 1i T N 
G INST8U~lENTS/*REFRACTOHY MATERIALS/ A X R F R A M i i  MATE 
RIALS/  EXPEHIMENTAL DUSIGN/ SPACECBAFT CONSTRUCT10 
N MATERIALS/ TUNGSTEN 

. - . - . . - _ _  -____ - 
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A o ~ - 3 9 1 0 l &  l S S U E  2 1  PAGE 3 7 3 d  CATBtiOHY 14 
ob/U)<)/UO U N C L A S S I P I E D  DOCUBEENT 

're in p e  L-CA t u r e dnd c m iss i v  it y measure men t at 0.6 5 
mu w i t h  so lar  furnace .  

(Ziiidging techniques to obtaiu t e m p e r a t u r e  and e 
missivity measurements and p h a s c  diagrams of h i q h  
r i c l t ix iy  p o i n t  ceraluic oxides w i t h  a i d  of solar fur 
nace) 

A/KOZUKA, T.; B / N O G U C H I ,  T. ( A  A/G OV ER id ME NT I 
I I ) U S T H I A L  RESEABCli I N S T . ,  SOLAR RESEAHCN LAB., N A G  
O Y A ,  JAPAN/.) 

/ S O L A H  ENERGY S O C I L T Y ,  ANNUAL MEETING,  PHOEN 
I X ,  A H I Z . ,  M A L . .  I S - 1 7 ,  1'3b5, PAPZi3./  S O L A R  E N E R G Y  
, VOL- 10, JULo-SEP-  1966, I?. 125-131. 13 BEi?S* 

/" il I G I I  ?'E !I PE 11AT U N E 1t ES EA liCH/* I MAG 1 NG T ECti N I Q [ J  E 
/ *SOLAB FU i{NACE/*TEMPliRATU H i i  lYEASU REtlIENT/ D R I G H T N E  
S S /  CEHAi.IIC/ CONFERENCE/ EMISSIVITY/ FURNACE/ 1 i I G H  

T l i d  PE R R TU R E/ I M AGE/ ME ASO HEMENT/ ME LTL NG/ OX J D E /  
Pi>IN'r/ PYRUMETER/ REELECTION/ RESEARCH/ SOLAR/ TEM 
P EH AT U 8 d 

-___ _-. - _ _ _  - -  ____ 

S o ~ e  p r a c t i c a l  a s p e c t s  or surface  t e i i i p e r c i t u r e  m 
easurcmont by d p t i c a l  cliid r a t i o  pyrometers * 

( :cadiation h e d t  equcltions and s u r f a c e  tcnperatu 
re nicctSuLt31lielits of opaque materialt; by o p t i c a l  a n d  

r t i o i> y r 0 me t e c s) 

NATIONAL AEXONAUTICS A N D  SPACE AUMIN S T B A T I O N .  
L L J I S  R E S E A R C I l  CENTEAI, CLUVELAND, 01110. A V A I L .  
U P S T I  

A / U i i A N S ' l ' E T T E X ,  J -  H e  

h A S t I X N G T O N ,  NASA, SEP. 19b6 7 1  P RLFS 
/*If ii R'1' I ~ Q  U A T 1: ON / * O A' T IC A L D Y WO M ET E R/* ti A D L A T IV E 

ii EX T '1 R A N S P E il/* S U R P A C E lil I: E P il: 11 A 1 U R li/* T if M P E H ii T U RE M E: 
ASU!lEME,U I/ C A L Z B H A T I U N /  LQUA'i'I;ON/ E H R O R /  HEAT TRAN 
SFdii/  ,"IATI3RIAL/ PlEASURliMENT/ OPAQUli:/ OPT.ICRL/ P Y R O  
M E P C R /  L ? A D X A T I O N /  MTI.o/ SUdFACZ/  TkMPl2BATURE 
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A6b-14985*# ISSUE 5 PAGZ 7 1 6  CATEGOUY 2 3  6 
5/10/00 U N C L A S S I F I E D  DDCUiYENT 

T h e r m 1  e m i t t a n c e  b e h d v i o r  of swill c a v i t i e s  l o  
cated 00 r e f r a c t o r y  metal surfaces. 

(Thermal aniittance of cone dnd cylinder c a v i t i e  
s elcctrically d i s i n t e g r a t e d  i n  tungsten and molyb 
denuln measured w i t h  d i s a p p e a r i n g - f  i lameiit  pyroniete 
r) 

A/BRANSTETTElt, 3 -  l<.; B/SCHAAL. R. D e  ( A B / N A  
SA8 Li2:WIS BZSEARCH CENT EH, CLEVELAND, OUO/.) 

INST.  O F  ELECTRICAL AND XLECTHONICS E N G I N E E R  
S, THEHMXONIC CONVERSION S P E C I A L I S T S  CONFEKENCE, S 
A N  DLdGO, CALIF., OCT. 25-27, 1965, PAPER. 10 P. 
12 RSBS. 

/*l~Ei!RACTOA Y METAL/*SURFACE TEMPE RATU RE/*THERM 
AL E;MISSLON/ CAVITY/ CONFERENCE/ $MISSION/ F I L A S E N  
T/ 2lETAL/ PlOLYDDENUM/ PY ROMETZ:H/ HEPRACTORY/ SURFA 
CE/ TZPIPERATURE/ THERMAL/ TUNGSTEN 

A t , > > - I b 3 9 d .  I S S U E  7 P A G E  938  C A T E G O R Y  23 6 5 1  
0 1 / 0 0  U N C L A S S I F I E D  DOCUEII:NT 

e deterninations of hot qasas. 

re d e t e r m i n a t i o n s  of c o m b u s t i o n  p r o d u c t s )  

An iiitrarctd band r d t i o  t e c h n i q u e  for temperatur 

(I2 band r a t i o  t e c h n i \ i u e  used for g a s  teurperatu 

A/FEL{.(RISO, C. C.; B / L i J i ) d I C ,  C. E. ( A  U/GE NX K A 
L DYNA2lICS CORP. ,  GENERAL DY NA~~ICS/ASTRONAU'PICS,  S 
PACd S C l d t i C E  LAB., S A N  I ) I .EGO, CALIF./,) 

APDLTZD OPTICS, VOL. 4 ,  JAN. 1965, P. 47-51. 
1 4  diib'S. HESEARCH SUPPORTdD BY NAVY, A N D  GENERAL 

/*HOT G A S /* I N 3 R A I3 ED S P %C T HU M/* iik D I A  T I  0 N E ry1 IS S I 
O N / * l d P i P L R A T U R E  BEASUHLL5ZNT/ aAluD/ CoHl3USTLON/ DET 
E H M i N AT I ON / EM I S SI: V 1 T Y / IN FL-i A R Ir: U/ MIS A S U RE ti ii N T /  q A D 
LATION/ RATIO/ SPECTRUM/ TECHNIQUE/ TEt$PERATUHE/ V 
APOii/ UATEH 

DY NAPIICS CORP. 
' 
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A 0 4 - 1 t l 3 9 1 #  ISSUE 13 CATEGOltY Is oO/OO/oO U 
NCLASSIEiXU DOCUtlENT 

A r e v i e w  of mul t ico lour  p y J 3 ; l l e t r y  for t e r n p e r a t u  
res beiow 1500 d c g  c. 

( f i u l t i c o l o r  r a d i a t i o n  pyrometers for temperatur 
es below 1,500 degrees c) 

'I/;*& Y 80 LDS 8 P I 11 S (AA/BRITISH NOS-FERROUS MET 
A L S  itIESdAHCI1 ASSN., LONDON, E I J G L A N I ) / . )  

B W I T I S B  JOURNAL OP APPLTSD PHYSICSI VOL. 15, 

/ * H A D I A T I O N  PYROMETE~i/eTEdPERATU~~ M E B S U R E 3 E H T  
d A Y  19b4, P. 579-5853, 32 REPS. 

/ BLUiUNUM/ BRASS/ E?lISSIVITY/  MEASUREMENT/ H U L T I C  
OLOR/ PXBOMETEH/ H A D I A T I O N /  SPECTRUM/ TEMPERATURE 
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3b3-828bS B E C - 4 2 4 7  ASO-TR-61-4U7 AF 33/616/-74 
7 9  61/10/00 UNCLASSIYLEU DOCUMENT 

A/fiOPL.ITT, G. 
U A H i i E S  E b I G I N i i E R I N G  CO., STAPJIFOBD, CUNN, 

BARNES ENGINEEHING CO,, STAMFORE), CONN. STUD 
Y OF A TEtlPERATUBE M E A S U H I N G  SYSTEM TOR Ti38 1000 D 
EG C TO 2500 DEG C R A N G E  <FINAL REPOMT, JULY 'I, 1 
9oi> - AUG. 3 1 ,  1961< G U Y  MOFPXTT HHIGHT-PATTERSON 
AFB, O H I O ,  F L I G H T  CONTHOL LAB., OCT. 1961 108P 7 
2 Rd%S /CONTRACT AF 33/616/-7479/ /ASD-TR-61-4878 
BEC- 4 24 7/ 

/ & d I S S I V I T Y /  ENVIHOYMENT/  B I C f l  TEHPERATURE/ El 
EASUL<EMENP/ HADIOMETER/ S E N S I T I V I T Y /  S O L I D /  SURFAC 
Z/ SYSI!dM/ ULTRAVIOLET 

/*ii I G i l  TZMPEilATU RE d ES EARCil/* it Al>;EOM ET ER/*S UR  FA 

ET l i A D L k T I O N /  AIRBORNE/ AUTUPiATION/ CALIBRATION/ C 

N IJC L E 
A i i /  oXrLIATIOB/ l.lADZATIOPJ/ LiEPERENCE/ SL'BIP/ SUi iFAC 
9/  TLPlPiiEATUR%/ THANSDUCLH/ TUNGSTEN/ ULTRAVIOLET/ 

c: E '2 2 3 I? E 'ill TU B E/ *TE K P E :id T iJ RE if 2 A  S i) n Etlh NT/* U LT B A V I O  L 

oJSTAUC' i ' l oS /  D E S I G N /  csrsslVlrY/ FLUCTUATIOS/ r l I G H  
T E 21 t? E 11 AT3 2 d /  L A M P/ MEA SUR L M %zJ T/ PI OL Y B I) E N U A/ 

V c 3 iC i E 
. __.._ 

. ! ' l ~ - d l 4 u 7 ~ f  ISSUE 9 L j A G i i  1632 C'ATiiGOitY 1 4  A 
D- o 97 7 u 1 6 9 

a e t e r m i n a t  ion of th<+x[iiiil  arid e l e c t r i c a l  c o n d u c t  
i v i t y ,  e i n i t t a n c e  and Tiionison c o e f f i c i e n t  a t  h i g h  t 
e m p e r d t u r e s  b y  d i r e c t  h e a t i n g  methods Technical r 
e p o r t ,  1 J u l .  1968 - 30 .Jun. 1969 

(Thermal and e lectrical  c o n d u c t i v i t y ,  emittance 
8 and Ttiomson c o e f f i c i e n t  m e a s u r e m e n t s  a t  h i g h  tern 
psratures b y  d i r e c t  heating methods)  

A E' PI L-T Li - 69- 3 9- 27 7 F3 3 6 1 S- 6 '3 -C- 1 2 L 9 
1 ~ / I J  c) u NCLAS 5 L PI ED u ocu ri z w 

A / D A Y I S ,  P -  E o ;  B / k I d B R O U G H ,  W o  D.; C/POWELL, 
R ,  P.; D/TAYLOR, 8, E, 

PUHDUE UNlV, , LAfAYETTE,  IND. (THERMOPdYSICAL 
PROPERTIES RESEARCIi CENTER,) AVAIL, c P s n  

/*ELECTRICAL H & S I S T l V I T Y / * e M I T T A N C E / ~ ~ I G H  TEMP 
E; K A T U RE X d S EA WC H/*T H E H fi A L C 0 N DUCT I V I  T Y/*T H E Y M 0 EL EC 
T R I C I T Y /  GBAPHITE/  RESISTANCE HBAT.LINI;/ TANTALUM/ T 
0 N G S T E14 

__ - - _ _  - . . ~ - -  
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Ii0+19567#* ISSUE U PAGE 1440 CATEGORY 3 3  6 
S/OO/OO UNCLASSIPXED DOCUMENT 

d e k h o d s  of d e t e r m i n i n g  t h e  i r i t e g r a l  and s p e c t r a  
1 r d d i a t i v e  p r o p e r t i e s  of materials a t  h i g h  t e m p e r  
a t u r e s  

( S p e c t r a l  and i n t e g r a l  r a d i a t i v e  p r o p e r t i e s  of 
h e a t  r e s i s t a n t  materials a t  h i g h  t e m p e r a t u r e s )  

A / H A K O V ,  A ,  8 .  
LUCKHEED PlTSSILES AND SPACZ CO., SUNNYVALE, CAL 

I F -  AVAIL- NATIONAL TRANSLATIONS CENTER, J O H N  C 
REiltlB LXBLIARY, CHICAGO, I L L ,  6 0 6 1  6 

TRANSL, I N T O  ENGLISH Fi30i4 THIS BOOK "TEPLOO 
t33EIJ, G X D a O D I N A M I K A  .I TEPLOFLZICHESKIE SVOISTVA VE 
SHCi3ES'I'VA'1 MOSCOV, I Z D .  A N  SSSB, 1968 Y 1 7 4 - 1 9 0  

/ * LI L GH T E M P E HAT U R E E N V 1% 0 N i5 & N T S/ * Li A U I. AT I V E HE A 
T TRANSYER/*iiEERACTOHY MATERIALS/*THeHnODYNAMIC PR 
OP%HTIES/  B I B L I O G R A P i i I E S /  BLACK BODY RADIATION 

N 6 8 - 1 4 0 1 9 * #  ISSUE 5 PAGE: 658 CATEGORY 14 N 
A S A - T T - F - 1 1 4 0 7  NASW-1695 67/12/00 U N C L A S S I P I  
ED DOCUMENT 

P h o t o g r a p h i c  pyrometry  
( P h o t o g r a p h i c  pyrometry techniques and applicat 

ions i n  h i g h  temperature physics) 
A / S H R A M K O ,  Y U -  N, 
TECIITRAN CORP.0  GLEN IBURNXE0 # D e  AVAIL- CFST 

I 

TEPLOFLZ, BYSOKIKH TEMPERATUR, AKAD, NAUK SSSR /MO 
SCOW/, V, 5 ,  NO,  2, 1967 P 367-372 

/*I-IIGN TEMPERATURE RESEARCH/*PHOTOGHAPHIC HEAS 
UREMENT/*PYROMETERS/*'lEMPERATURE MEASURBHENT/ BRIG 
HTNESS/ EMISSIVITY/ ERROR ANALYSIS/ PHOTOGRAPHS/ T 
EdPERATURE DISTRIBUTION/ THERilAL B A D I A T I O I  

WASHXMGTON N A S A  TRANSL, INTO ENGLISH FBOtl 
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i 

3 6 6 - 2 2 4 l d f  ' I S S U E  12 P A G E  2235 CAT&GORY 33  
NBS-' i 'N-  267 A D - 6  28586 6 5/ 12/17 U N  C L A S S 1  Y I E D  DOC 
UMENT 

Proceclures f o r  precise determination of  thermal 
r a d r a t i o n  properties, Moveinher 1 9 6 3  t o  O c t o b e r  19 

6 4  
(Laser source reflectometer t o  measure  reflccta 

ncc of . s p e c i m e n s  at h i q h  temperature - r e l a t i o h  of 
thermal emission to other o p t i c a l  properties) 

A / O a  WLTT, D ,  P . ;  L l / i ) U N N ,  S.  T.; C/iiAYES, W ,  
Urn, Ji3.i 2/111CEi24OND# J- c. 

NATIONAL DUHCAU OF STANUARDSR WASMINGTOti ,  D o  C o  
AVAIL. C F S T I  

/*LASEH/*OPTICA L PEiOPii 1tTY/* H E&'LECTOPlliTEd/*TH ER 
Y A L  iirYISSION/ U E i l A V I o l i /  COZk'fLCIdNY!/ ELECTHOMAGNCT 
1C/ E 3 1 5 S I U N /  H l G I i  TLYPEi4A4X'UdE/ i'LEASU REM.ENT/ O P T l C  
A L/ PRO PE13 T Y / Q U A NT U Iq/ H A D l A  T IO 1J/ HE YLEeT I ON/ RII 0 D 
.XUX/ SOUaCE/ SPHEHE/ Ti iXORY/  THEdNAL 

17 DEC. 1965  77 1' 1iEPS PHLPAKED FOR At; 

204- 13971i i  I S S U E  5 CATLGO1IY 1 ..I d A D C - T i t - 5 0 - 5 1  
ir, P.2. 4 AD-426d42 AI! 33/616/-61-02 63/11/00 

U h C L B S S l P I E D  DOCUMUNT 
S t d n d a r d i z a t i o n  of t hd r ' i na l  einittance measuremen 

tj, p u t  i v -  normal spectral e a i t t a n c e ,  800-1400  
dug, K t echn ica l  r epor t ,  1 j u l ,  1958-31 oct.  1 9 6  
2 

(MedSUremeTit of norinal spectral emittance of  s p  
ecimcns 'it t e m p e r a t u r e s  i n  800  to  1400-de9 k range 
1 

A / & I f i d R L S O N ,  'de N. ; U / J O S E P H ,  i l o  f i e ;  C/ilTCIIMOI 

N A T I O N A L  B U f t E A U  O F  S T A N D A R D S ,  8ASNINGTOi4, D. C. 
dli1Gi-rT-PAYIEBSoN AFD, O l i I O ,  AP MATERIALS LAB ., N O V .  1963 97 P 

/*SPECTItAL EnISSIU;J/ C A L I i j l l A l ' I U N /  EMISSION/ EIY 
1 S S l V l . T  Y/ C\ZUIPMENT/ HI211 TiidPiiBRTURZ/ LENGTH/ M E A  
SUriEi lEN'f /  PROCEDURE/ SPECTRUPI/ S T A N D A R D /  WAVE 

J -  c e  ; D/Sk1ORTENI F .  J e  
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No4-10968* ISSUE 2 CATEGORY 1 3  AF 3 3 / 6 1 6 / - 7 3  
19 63/00/00 UNCLASSIFIED DOCUlYENT 

Some p r o b l e m s  i n  e m i t t a n c e  measurements  a t  t h e  

( E m i t t a n c e  measurement  for r e f r a c t o r y  materials 
to 5000 deg  f - t e m p e r a t u r e  E structure dependenc  

higher tern p e r a t u r e s  and s u r f a c e  c h a r a c t e r i z a t i o n  

e) 
A / P E A H S ,  Ce D o  

5 O U T H A : R N  HESEARCH .INST., BIRMINGHAM, A L A .  
IN N A S A  PlEASUBEMENT OF THERMAL R A D I A T I O N  PR 

OPZBTIZS OF S O L I D S  1963 P 541-551 REFS /SEE N64 
-10937 02-01/ GPO- $3.50 

/ * E M I S S I O N / * H I G H  TEMPZhATURE RESEAHCH/*HEFRACT 
O R Y  MATERIAL/ ANALYSIS/  DEPENDENCE/ EMISSIVITY/ ER 
YO8/ flATEtlIAL/ OPTICS/ P Y R O M U R Y /  REFRACTORY/ STRU 
CTUBE/ SURPACE/ TEHPERIIURE/ THERiYOCOUPLE/ V E R Y  HI 
G i i  

N 6 4 - 1 0 0 6 6 *  I S S U E  2 CATEGO?? 13 63/00/00 U N  
CLASS IF1 ED DOCU tlE NT 

g v a l u a t i o n  of t h e r m a l  r a d i a t i o n  a t  h i g h  t empera  
t u r e s  

( E : u i t t a n c e  m e a s u r i n g  a p p a r a t u s  for t e m p e r a t u r e s  
up  to 4000-dcg E) 

A/iCLEitB, R e ;  B/KO&OFKEN, S. 
NOHTil  AMEBICAN AVIATION8 INC. # LOS ANGELES,  CAL 

IN N A S A  MEASUaEMENT OF THi3RMAL RADIATION PR 
OPEBTTES OP SOLIDS 1'963 P 505-513 REPS /SEE N64 
-10937 02-01/ GPO- $3.50 

/*EMISSSON/*HIGH T.EN L>.ERATURi$ RES EARCH/*MEASU RI 
NG A PPAHBTUS/*T HEIItl AL H A D I A ' l ' I O N /  APPARATUS/ bLACK/ 
BODY/ E M I S S I V I T Y /  E Q U I P a E N T /  H I G H  TEMPERATUHE/ M A  

IF. 

TEHLAL/ RADIATION/ T E S T /  T€id:HMBL/ TRANSPARENCY 

N6+109b5* ISSOE 2 CATEGORY 13 ASA)-TL<-61-706 
V O L .  L AP 33/616/-7ObO 6 3 / 0 0 / 0 0  U N C L A S S I F l  

ED DOCUMENT 
g m i t t a n c e  measurement  c a p a b i l i t y  for t c m p e r a t u r  

es up t o  3000 d e g  f 
( E m i t t a n c e  measurement  for t e m p e r a t u r e s  to 3000 

- d e g  f t o  p r o v i d e  data  on t h e r m a l  r a d i a t i o n  o f  cer 
amics for  r e e n t r y  v e h i c l e  use )  

_____._ - ____ -. _. __ __ - . -__ - - - 

A / K J E L U Y ,  A. S. 
AEHONCA MFG. CORP. 8 MIDDLETOHN, OHIO-  

I N  NASA MEASUREMENT O F  T B E H ~ A L  RADIATION PR 
OPERTXES OF S O L I D S  1963 P 1)W-503 / S E E  N64-1093 
7 02-01/ GPO- 83.50 

/ * C D R A ~ I C S / * E M I S S ~ O N / ~ ~ ~ G n  TEMPERATURE HESEARC 
H/*T€iEHfiAL R A D I A T I O N /  BLACK/ BODY/ E#ISS.IVITY/ l I & A  
T/ HEMISPHERE/ H I G H  TEMPERATURE/ RADIATION/ REENTR 
Y/ SHIELD/  THERMAL/ VEHICLE 
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N64-10964* ' I S S U E  2 CATEGORY 13 63/00/00 U N  
C L A S S I F Z E D  DOCUMENT 

A very r a p i d  3000 deg t' technique for measuring 

(Total normal  e m i t t a n c e  measurement technique f 
or opaque solid m a t e r i a l s  over 1000- to 3000-deg f 

e m i t t a n c e  of opaque solid materials 

range) 
A/CLAYTON, W. A,; E ) / E V A N S 8  H. J-; C/FRIES8 fl- 
B O E I N G  CO., SEATTLE8 W A S H .  

I N  N A S A  MEASUREiIENT OF THERklAL BADIATXON PR 
' OPERTXES O F  SOLIDS 1963 P 483-488 EE 164-1093 
7 02-01/ GPO- $3.50 

/*EM I S S I O N / *  H I G H  TEMPE RATUBZ HESEA.RCH/*OP ACIT Y 
/*SOLIDS/  ACCUBACY/ ANALYSIS/ BODY/ Ef l ISSIVITY/  ER 
R O R /  G R A Y /  HIGH TEMPERATURE/ OPAQUE/ OPTICS/ PYROM 
BTER/ S O L I D  

N64- 1095U* ISSUE 2 CATUGOLtY 15 WADO-TH-60-10 
2 AF 33/616/-5925 6 3 / 0 0 / 0 0  U N C L A S S I F i S D  DOCU 
a E N T  

I n s t r u m e n t a t i o n  for emittance measurements  i n  t 
he 4 0 0  deq t o  1 8 0 0  d e g  f t e u p e r a t u r e  r a n g e  

( I n s t r u n e n t a t i o n  for s i m u l t a n e o u s  measurement o 
L s p e c t r a l  a n d  normal e m i t t a n c e  o f  materials in am 
f i i o n t  and  vacuum eriviron:nent a t  h i g h  t e m p e r a t u r e )  

A / B A S T l A N ,  R.; B/DYEii,  J.; C/GHAVINA, A. 
dGl?Ui lLIC  A V I A T I O N  COHP. a FAa;IINGDALE,  N e  Y e  

1N NASA I I E A S U H E i l E N T  OP TIiEHlzlAL R A D I A T I O N  P R  
OPi2:R'i'I:tS OF S O L I D S  1963  P 329-336 F 
D Z S C d I P T I O N ,  SEE ~ ~ D ~ - T R - 6 0 - 1 0 ~ 8  F L N A L  REPT. /SEE 

/*E Iy IS S I O N /* H I G [i T E 21 P E R A T U l4 E R AS 0 A R C H/ * I N S T R U M 
BN T A T I O N / *  V AC U U i4/ A dU I E N T/ 3 IS S I V AT Y/ EN V LRO 8 MEN T 
/ G A S /  H I G H  TEMPERATUHli/  MATERIAL/  NORMAL/ SPECTRA 
L 

N64-1d937 02-01/ GPO- $3.50 
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i 

20 L- 1 L 3 t i  ut+ IS S IJ E 9 CAT EGUH Y 2 1 W A lll>-'i'R- 6 0- G 7 
0 ,  PT. 11 A€'  33/b16/-h570 62/02/00 UNCLASSLF 
XEL) i)OCU:liiMT 

( O p t i c ( J 1  methods ot measuring plasina jet temper 
a t  u r 62s - ia cas u r e 111 ent 1) y p h o t  0clt.c t r i c  p y r oflie t L' y) 

. L L ;  ~ / ~ u L I , I A ~ ,  G .  c .  
A / D U N D A S t  P o  t i - ;  U/HC)TTEfa, H e  C.; C/JENSEN, W 

MRSSACZUSETTS INST,  OF TECH. # CAMBRIDGE. 
PI A S A C f I U S d T T S  INS'L'. 01.' TECH. , CAIYij~IIIDGE. OPT 

ICAL PI"rLTL4I)DS OF MEASURING PLAS3A JdT TEWPEHATUHES. 
~?h.('l' XI- MLASULtEMENT U Y  PtiO'COl?LEC'PilIC PYH0;liETiIY . 
< L . L 3 A L <  TECH. DOC. REPT. < C O V E X I i i C  P E R I O O  OF OCT 

..I 196i) TO AUG. 1961.< 11, C, HOTTEL, G, C. WLLLLAMS 
# P .  B. D U N G A S ,  A N D  4. P .  J E N S U N .  # R I G H T - P A T T U H S O N  

At'b, OiILO,  D I R E C T O R A T E  OF ?IAT.KQIBLS A N D  PdOCESSES 
, FiiLi. 1962. 52 P .  77 Ul$:FS. /CONTRACT AP 33/616/ 

/*JBT/*OPTICAL M L A S U b ~ M ~ N T / * P f l O T O E ~ ~ C ~ ~ ~ C I T Y / *  
PL A S 1'1 A J ET/* P Y i? OM %T il Y/ R ii E B LA i 4 /  13 130 A DE Iu I. N I;/ C A L I13 
B A T I O N /  I)-LINE/ DETECTOR/  DOUBLBT/ EFFECT/ ELECTXO 
LZCS;/ LiiISSION/ C?lISSLV.Ll'!l/ PILAM EGT/ FILTER/  Fl? EQ 
cI'2:dL'Y/ I N D I C A T I O N /  I N T E G i l A L /  INTEHFEHENCE/ LA%/ LI 
&A,/ 3 % k S U R E i l E N T /  METHOD/ NOISE/ OPACllr'IEi3/ OPTICAL 
/ O P T I C S /  PHOTOMULTlPLI.iZii/ PLASMA/ P H O B A D I L I T Y /  PR 
CGZ/ PY Hi)Mr;TEH/ RADIANCE/ RATLO/ S ! I A P E /  S I G N A L /  SO 
DI UPl /  SOUdCE/ SPECTRUM/ TEPIPE HA1IIUHB/ THEORY/ TRANS 
PnLENCY/ UNKNO'VJN 

- 0 5 7 3 /  /'di??D!l-Tk1-60-676, f'T- T I /  

~ _- 

X66-10479 ISSUE 2 PACE 185 CATEGOHY 33 64/ 
01/90  UNCLASSIEIZD UOCUPli5:NT GOVT. AGCY. ONLY 

The problem of accurately measuring c h a n g i n g  te 
mpcra tu res  of n o n - m e t a l l i c  surfaces 

( C a l i b r a t i o n  of o p t i c a l  pyrometer for accurate 
measurement of temperature c h a n g e s  of n o n m e t a l l i c  
sur faces )  

i\/SKLXHEW 8 

P l A R Q U A S D T  CORE'. (I V A N  KUYS, C A L I B .  
IM APSC SUM. OF %'HE tlTH REFdACTORY COMPOSIT 

ES WOHKLWG GROUP MEETIiUG;l VOL. I. J A N .  1964  P 92-1 
17 RLFS /SEE X56-10476 OZ-15 /  

/ a C A L I U H A T I O N / + N O N M E ~ A L / ~ O P T ~ C A L  PYHOMETEH/*SU 
BPACE T E i ~ P E R R T U R E / + T E M D E R A T U ~ ~  BEASUREMENT/ BLACK/ 

BODY/ CONFERENCE/ E B I S S I O N /  d M I S S I V I T Y /  G R A D I G N T /  
€iEAT.ING/ INSTRUMENT/ MEASURXMENT/ RADIATION/ S P E C  

!&'BAL/ S T A N D A B D I Z A T I O N /  SURFACE/ TEMPERATUBE/ THERM 
OCOUPLE 
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GROUP 6 

Concerning radiative heat transfer to and from vehicles 
in high-velocity, reentry-type environments. 
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U 3 C  REPOHT B I B L I O G R A P H Y  SEAWCH CONTROL NO0 0 4 5 5 1 d  

A U - b b l  7 4 b L  22/3 2 0 /  13 2 z / 2  
GEi4EkAL o Y N A ~ I C S / A S T R O N A U T I C S  S A N  D I E G O  CALIF 
A NOTE ON R A D I A T I V E  H E A T I N G  TO RE- 
E I Y T E i ? I N G  V E H I C L E S '  I U )  

JUN 62  29P J A L W I N S K I B A O  HI I 
RLpTr NO, GOA-ERR-AN-148 

U N C L A S S I F I E O  REPORT 
O I S T H I B U T I O N :  USGO: O T H E R S  T O  GENERAL D Y N A M I C S /  
C U N V A I R ,  P O  0 1  BOX i2009r SAN D 1 E 6 0 ,  CALIF,  
9 2 1 1 2 0  

SUPPLEMENTARY NOTE: SEE ALSO AO'kt61 752Lo 

D L S L ~ I P T O R S ;  (*ATMOSPHERE E N T R Y (  * L I F T I N G  REENTRY 
V E n I C L E S I ,  THERMAL R A D I A T I O N ,  THtHMODYNAMICS, 
A E n U a Y N A M I C  H E A T f N G o  NOSE C O N E S (  AERODYNAMIC 
C O I ~ F I G U H A T I O N S ,  E M I S S I V I T Y  THEQHY t SHOCK WAVES, 
i r E i T A  h I N G S a  V I S R A T I Q N p  D I S S O C I A T I O N ,  
N O N E 4 U I L I B R I U M  F L O W #  S T A G N A T i o N  P O I N T (  I N T E N S I T Y ,  
2ESCt;NT T R A J E C T O R I k S ,  MOLECULAR ENERGY L E V E L S ,  
I I O L E C c l L A R  R O T A T I O N  I U )  

I D E ~ T I F I E R S :  R A D I A T I V E  E w U I L ~ B H I U M  H E A T I N G ,  
K k U I A T I V E  N O N m E Q U I L I B R I U H  HEATING, EQUIL88RrUH 
A A D I A T I O N ,  K I R C H H O F F  LAVV, GAS CAPS, R A D I A T I V E  
H E A T I N G  

R A W A T I V E  HEATING T O  RE-ENTERING v E n i c L c i  W A S  
EXAMI~VEOI  I T  P A S  FOUND T H A T  E Q U I L I B R I U M  R A D I A T I V E  
H t A T I N G  T O  THE S T A G N A T I O N  P Q I N T ,  AS HITHERTO 
C A L C U L A T E O t  O V E H E S T I M A T € S  THE A C T U A L  H E A T I N G  B y  20- 
25% BLCAUSE OF THE P O O R  APPHOXIMATION T O  THE ACTUAL 
GEOMETRY ~ N V O L V E O I  FURTHER, IT WAS SHOWN J l I T H  THE 
A I D  OF P R E V l O U s  WORK T H A T  THE D I S R E G A R D  OF THE SELF- 
A G S O i I P T I O N  OF THE G A S  M A Y  L g A D  T O  S E R I O U S  
O V E H E S T l M A T E S  OF E Q U I L I B R I U f l  R A O X A T l V E  H E A T I N G  UNDER 
C E R T A I N  F L I G H T  AND V E H I C L E  S I T U A T I O N S ,  R E L A T I O N S  
k t R E  PRES€NTEO vVHICH C O U R E C T  THESE ERRORS F O R  A 
S P H E R I C A L  S T A G N A T I O N  P O I N T  AND A N  i N F I N l T K  R A D I A T I N G  ' 
S L A B *  I T  JUAS P o j N T E D  OUT WOW OTHER V E H I C L E  SHAPES 
S h o U L U  B E  A N A L Y Z E 0 0  THE R E S U L T S  VJERE A P P L I E D  T O  
THE D E L T A  W I N G  SHAPE. EWUATIONS WERE D E R I V E D  
WHEREBY R A D I A T I V E  E U U I L I E R I U M  H E A T I N G  M A Y  B E  
C A L C U L A T E 0  AT THE S T A G N A T I O N  P O I N T  AND SOME POINT AFT 
O N  THE U N O E R S l D E  OF T H E  W l N C  AT ANGLE OF A T T A C K .  
I T  WAS CONCLUDED THAT E S T I M A T E S  OF N O N - E Q U I L I B R I U M  
HEATING A R E  V E R Y  UNCERTAIN. T H I S  OOES NOT REMOVL 
THE E X I S T I N G  PROBLEM, HOWEVER, I T  HAS P O I N T E D  OUT 
YJhERE D A T A  ON N O N ~ E Q ~ I . L I 8 R I U M  H E A T I N G  M A Y  BE 
OBTAINEDI ( A U T H O R )  ( U t  

- ~ . -  - -  - 
.- 
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l jDC REPORT 8 I B L I t J G R A P H Y  ~ E A H c H  CONTROL NO,  045518 

Ab=dAd 8 8 9 L  2 2 1 2  2 0 1  13 I b / Y  
A V C O  L V E R E T T  HESEARCH L A B  E V E R E T T  MASS 

N d N A B L A T I N G  CONE. ( U )  
R A D I A T I O N  FROM THE t jOUNDAHy L A Y E R  OF 4 SLENDER 

D t S C X l P T I V E  NOTE: kESEARCH REPTI, 
J U N  67  5 i P  TEXTORIS,Ae I C ~ H A C B Y O  I 

HLPT.  NOD A E R L m R R - 2 7 6  
CUNTRACT; AF 04(699)-865 
MUNITOH; t3SD T R 6 6 7 - 1 3 2  

U N C L A S S I F I E U  R E P D H T  
D I S T d I B U T I O N :  U S G O 1  OTHERS T O  SPACE AND M I S S I L E  
SYSTEMS ORGANIZATION# A T T N I  SMSUM-II NORTON 
AFdc C A L I F 0  9 2 4 0 9 .  

D t S C R I P T O R S I  ( * N O S E  CONES, THERMAL R A D I A T I O N ) ,  
DOUNOAKY L A Y E H ,  E M i S S I V I T Y ,  HIGH A L T I T U D E ,  

t iOLECULAR SPECTROSCOPY, OXYGLN, NITROGEN,  
N I T d O G E N  OXIDES, C A R ~ O N  D I O X I D E ,  

5 L L N U E R  B O D I E S ,  M A T H E M A T I C A L  P H E Q I C T I O N B  REENTRY 

~ ~ P E r i s o r u I c  C H A R A C T ~ R I S T I C S B  JNFHAREO H A D I A T I Q N ,  

~ P L C T H A ~ I N F R A R E D ) ,  IEUTENSITY,  C O N I C A L  8 O D I E S ,  

V E H I C L E S ,  E X C I T A T I O N ,  SHOCK NAVES ( U )  
I D E i ~ T I F I E R S :  SHARP B O D I E S  { U )  

THE 8 A . D I A T I O r J  E M I S S I O N  F R O M  THE SIDEWALL BOUNDARY 
L A Y i R  IS E S T I M A T E D  FOR SEVERAL IqONABCAT'ING C O N I C A L  
B O O I E S o  D E T A I L E O  K A O l A T i O N  F R O F I L E S  ARE PNE3ENTED 
FOH 6 ,  8 ,  AN0 10 DEGREE H A L F - A N G L ~  CONES A T  150 K m  

FT A L T I T U D E  AND F O R  AN 6 DEGREE CONE A T  l f 5 K a F T  AND 
2ui3 K - F T  A L T I T U D E S p  ALL AT A V E L O C I T Y  OF 2 2  K-FT/ 
S i c *  THE MAJOH SOUPCES OF R A D l A T l O N  ARE FROM 
MOLECULAR BANDS; 0 2  ( S R ) ,  N 2  ( 1 + )  AND 
4 L + l  t NO ( B E T A )  Ah0 ( G A M M A ) ,  I N F R A R E D  
NO ( 5 0 3  AND 2 . 7  M I C t t O N S ) ,  AND COZ(4.3 AND 2 r 7  
M I C H O N S I r  THE I N T E N S I T I E S  AHE C A L C U L A T E D  

R A O l A r l O N e  FOR LTk, T H E K E  i s  THfiRMOOYNAMIC 

E L L C T R O N I C )  vJITH L O C A L  T R A N 5 L A T J O N A L  TEHPERATUREr  
I h  THE N O N E Q U f L f B t t I U M  ( N O N - L T E )  E X C ~ T A T I O N  

ASSUMING E Q U I L I b R i U M  { L Y E )  A N O  c O L L I S I O N ~ L I M I T E D  

E U U l L i 6 H I U M  O F  THE I N T E r i N A L  MODES ( V I B R A T I O N A L  AND 

c A S I ~ ,  D E T A I L E D  KNOWLEDGE OF TI.(€ E X C I T A T I O N  AND 
QUENCHING R A T E  CONSTANTS I S  N E E O E O #  UNFORTUNATELY 
OIVLY A F E I  OF THEPI HAVE BEE& MEASURED, WHERE NO 
M t k S U R E M E N T S  E X I S T ,  d E  HAVE AsSJGIJEO T E N T A T I V E  VALUES 
tlj THE R A T E  C O N S T A N T S .  THL NON-LTE l N T E N S I T Y  IS 
S E V i a A L  OHDEAS OF MAGNITUDE BELOW THAT FOR 
E W U I L I ~ R ~ ~ M I  A T Y P I C A L  NON-LTE 1 N T E N S f T Y  A T  115 
K-FT A L T I T U O E  1 N f t G K A T E O  OVER A 10 -FOOT-LONG 8 
OEGl lEL CONE IS 0.1 VVATT/STEii FOH 0 2  I S R )  BAND 

NORMAL SHOCK OVER A 1 C M  NObE R A D I U S  IS ABOUT 0 0 3  ( U )  
SYSTEM* 1 N  COMPARISON, THE K A o I A T I O N  FROM THE 

_. - . _. -_ 
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I J O C  HEPOHT 8 1 8 L I O G R A P H Y  S E A R C H  CONTROL NO. 045516  
I 

A I ) - d i ! a  1831. 2 d / 2  2044 
GENEKAL E L E C T R I C  C o  P H I L A D E L P H l A  PA MISSILE AN0 SPACE 
D I V  
C L ~ A  A N A L Y S I S  REPORT. C H A H T S  OF E U U I L I B R I U M  A I R  
E r t I S S i O N  I N  THE S T A G N A T I O N  B E G I O N  OF A BLUNT 
6 0 3 Y .  ( U )  

D i S C R f P T I V E  NOTE: REPORT ON AOVANCEO HE-ENTRY 
TECHNOLOGY PYOGHAMS, 

J U N  67 26P A L Y E A V F B  N O  I 
K ~ . P T .  N O *  67s01500 
C U N T R A C T :  O A ~ 0 l m 0 2 1 ~ A M C = 1 3 8 1 2 ( Z ) ,  ARPA ORDER-453 

U N C L A S S I F I E D  R E P O H T  
D l S T ~ I 8 U T I O N ;  D O D  ONLY: OTHERS T O  AHflY 
MISSILE COMMAND, A T T N :  AMSMio f tNHe REoSTONE 
A k S E N A L ,  A L A ,  3 5 6 0 9 0  

C A L C U L A T I O N S  HAVE BEEN HADE OF THE E Q U I L I B R I U M ,  
O P T I C A L L Y a T H I N  EMISSION FHOM sHoCK-HEATEO A I R  A T  
S T A G N A T I O N  C O N D f T I O F l S  AND P K E S E b T E D  G R A P H I C A L L Y  AS A 
FbIUCTION OF V E L O C I T Y  A N D  A L T I T U O E  FOH TJYELVE 500  A 
SPECTHAL d A N D r r I D T H S  B E T W E E N  3500 AN0 9000  A *  THE 
A L T I T U D E  (0 T O  100 K F T )  AtuD V E L O C I T Y  ( 6  T O  23 
KFPSI RANGES WERE SELECTEI) T O  P H O V I D E  COVERACE OF 
I C B i y  R E - E N T R I E S .  1 T  WAS FOUhD TyAT THE 
C O N T i 4 I B U T I O N  OF NO2 THERMAL RADIATION AND NO P L U S  
0 C H E M I L U M I N E S C E N C E  ACCOUNTtD FOR APPROXIMA' fELY 50 
PLHCCNT OF THE EMISSION A T  12 ~ F P S  AND T H A ~ T H E  
R E L A T I V E  CONTRIBUTSON I N C R E A S E D  W I T H  DECREASING 
V E L O C I T Y @  ( A U T H O R )  ( U i  
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O t s C H I P T O R S ;  ( *HyPE,RSQNIC F L O W ,  ~ P S C T H A  ( I N F R A R E D ) ) ,  
( * k E E N T R Y  V E H l C L E S ,  k M I S S 1 V I T Y ) r  ATMUSPHERE ENTRY, BLUNT 
~ O ~ l t S f i  NOSE CONES, t X P E R I M E h T A L  DATA8 A I R 1  N I T R O G E N  
COMPOUNDS, O X I D E s f i  D I O X I D E S ,  N O N c Q U I L I 8 R l U M  FLOW, SHOCK 
i t A J t ; S ,  EJUMERICAL M E T h o D S  AND PRECEOUHESm O P T I C A L  
P R o P E ~ T I E S ,  COHPUTERSD H Y P E R S O N I C  T E S T  V E H I C L E S ,  THERMAL 
H A t I A T i O N ~  GAS I O N I Z A T I O N I  I h F f t A H E D  H A D I A T I O N  ( U )  

I u E h T I F I E R S ;  F L Q Q  F I E L D ,  T R A I L B L A Z E R ,  GAS CAP ( U )  

TrrE PURPOSE OF T H E  PROGHAM IS T O  PEKFORM 6 A S I C  
EAPEHIMENTAL MEASURLMENTS AND THEORETICAL ANALYSES 
0 i i S I G N E D  T O  EXTEND THE K N O R L E D G ~  R E Q U I R E D  T O  
UhOERbTAND THE P H Y S I C A L  AND CHEMICAL P R O P E R T ~ E S  OF 
H Y P E ~ S O N I C  A I R  FLOWS AB3UT HEENTRY V E H I C L E S *  A 
? K I M A ~ ~ Y  O b J E C T I V E  N A S  THE DLSCHIPTION OF THE O P T I C A L  
H A I J I A T I O I U  ( E S P E C I A L L Y  I N  THE NEAR INFRAREO) FROM 
T h E  G A S  CAP OF BLUNT REENTRY 6oolES1 THE M O R K  HAS 
R t E N  O I V I O E D  I N T O  Tf4O P K I M c A Y  PHASES; H A O I A T I O N  
NEASUREMENTS AND HEENTHY F L O N  F ~ E L O  A N A L Y S I S @  THE 
G t N E H A L  APPROACH T O  THE PROuLEM OF C X P E R I M E N T A L  
r i A i ) i A T I O N  IS D E F I N E D ,  AND THE STATUS OF THE RESEARCH 
A T  THE B E G I N N I N G  OF T H I S  CONTRACT IS SUMMARIZED, AN 
ACC3UNT O F  THE FLOW F I E L D  A h A L Y S I S  PHASE OF THE 
CONTRACT IS NEXT PRESENTED, GIVING THE GENERAL 
INVEHISE METHOD OF S O L U T I O N  A N O  THE S T A T U S  OF THE 
N O N E Q U I L I B R I U M  BOrY AND N O R M A L  SHOCK WAVE COMPUTER 
P k O 6 H k M S e  THE PRESENT C A P A B I L I T I E S  AND L I M I T A T I O N S  
O f  THE EXACT NUMEHSCAL METHODS ARE SUMMARIZEO AND 
C k L C U L A T I O N S  ARE MAOE T O  DETEHMJNE THE OPTICAL 
R A D I A T I O N  T O  B E  E A P E C T E D  FROM A T H A I L 8 L A Z k R  REENTRY 
V E h I C L E  OF 1 FOOT D l A M E T E k  AND ABOUT 2 0  K F T  V E L O C I T Y .  
F I N A L L Y  THE O V f H a A L L  PROBLEM OF O P T I C A L  R A D I A T I O N  
F R O M  T h E  GAS C A P  1s R E V I E a E O a  ( A U T H O H )  ( U )  

__ -. 
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A . 1 0 -  110.21> ASS[JE 1 PAGE 219 CATEGOi3Y 3.3 b9/ 
02/1)0 U ? 4 C L A S S I P I E D  DOCIII'lEZIT 

Probicins of r a d i a n t  t rdns fur  i n  h y p e r s o n i c  aero 
dy ria m ics.  

( 3 d d i a n t  heat transfer i n  h y p e r s o a i c  acrodynami  
c h e d t i n g ,  discussiny ccltl iant flux atrd carbon d i o x  
i d e  conccn t r a t ion  i i i  recntr  y probluni l ; )  

A / K O N L ( O V ,  A,  A , ;  U / N E L L A N D ,  V .  I A . ;  C/NLKOLAE 
V ,  V. i1. i  D/PLASTINlN, PU. A .  

iilititi TE?lPERATURli,  V O L .  7 ,  P. 126-150, /TEPI,O 
P I L L L A  'JYSOKXKB TEdPERliTUK, V O L .  7, JAIJ,-PELI, 1")69 

/ * A L k O D Y N A M I C  I L ~ A T I N ~ / ~ H Y P E H S O N I C  l iEEN'rRY/*I<AD 
IA'L'IVB itEAT TRRNSFER/*HEENTHY V E H I C L M S /  CAi IBON DIO 
LldE CDNCZNTBATION/ CONVECTIVE HEAT TRANSFk;d/ PLUX 

L)cESXTY/ LlYPERSONIC FLIGHT/ MARS ATMOSPtIEHE/ STAG 
N A  TLON POINT 

8 P o  I4O-164./ T R A N S L A T I O N .  

869-34447 ISSUE 18 PAGE 3116 CATXGOKY 11 6 
9/05/00 UNCLBSSXFI El) D O C U I I E N T  

Hacliat ion g a s  dyiiainics in the s h o c k  t u b e ,  
(:lacfiation gas dynaniics i n  shock t u m ,  s t u d y i n g  

r a d i a t i o n  coupled f lows  w i t h  flow field affected 
by r 3 d i ; l n t  e n c r y y  t r a n s p o r t )  

A/GALFFITH, W -  Co; B/iJOOD, 8 ,  D e  (AB/LOCKi.IEE 
D A i l i C R k F T  CORP., ZOCKiiLED IqISSILES AND S P A C E  CO., 

PALO ALTO, CALI&'./. ) 
2BYSICS OF P L U L D S ,  VOL. 12, PT. 2, SUPPLE2lENT 

I, P I  1-30 TO 1 - 3 6 .  / l N T d R N A T I O N A L  SHOCK TUBE SY 
f l P O S L g d ,  GTH, U t d I V Z H S l T A G T  k'RELILIUHG, FRdPSURG IM B 
IIEISGAU, VEST G E i j f i A N Y ,  A P R .  12-14, 1967,/ 

/*P; X Ed G Y T R  A N SFE ii/* G AS 0 Y N A ly IC S/ * H A  DI A T 1  V E H E A 
T TbANSFEK/*SHOCK MEATING/*SHOCK TUBES/ ARC HEATIN 
ti/ CONPEiIENCES/ CONTXEU'UOUS L I R D l A T T O N /  FLOW 3 I S T R I . B  
UTIOlhJ/ H I G H  TEMPERATURE H&SEARCIi/ LUlYINOUS I N T E N S I  
TY/ I i iBRHODYNAMLCS/  U L T R A V I O L E T  BAL)IATI:ON 
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A69-14597 ISSUE 4 PAGE bU5 CATEGORY 3 3  68/ 
O O / O O  U N C L A S S I F I E D  DOCUMENT 

R a d i a t i o n  a n d  R e e n t r y ,  
(Monograph on  r a d i a t i o n  g a s  dynamics, thermal r 

a d i a t i o u ,  a p p l i e d  spectroscopy and ablat ion and a p  
p l i c a t i o n s  i n  h i g h  s p e e d  a t m o s p h e r i c  entry) 

A/OLE'E, D, 13.; B / P E N B E H ,  s .  s .  (AA/CALIPORNI 
A ,  U . ,  DEPT. OF THE AkhiOSPACB A N D  IYECIiANXCAL E N G X N  

;.:ski YOBK, ACADEHIC Pl iESS,  INC., RESEhIlCfi SUP 
E i i , ~ T . i c ;  S C I E N C E S ,  LA J O L L R ,  C A L I F . / . )  $424- 

P O i i 2 L D  U Y  TiiE U.S. N A V Y  AND TtlE ADVRYCEI) RESEALCtI 
PhGJECl 'S  AGENCY. 

/*ATi'lOSPHEaIC ENTRY/*GAS D Y N A M L C S / * i i R U I A T X O N  E 
PPLCTS/*HEENTRY PHYSICS/*THERMAL RADIATION/ ABLATI  
Oii /  ASTHOPHYSLCS/ RADIA rIVlt: HEAT THAWSPEH/ SPECTRO 
SCOPX 

A u l - l 7 3 3 G * d  ISSUE 5 ?AGY 928 C A T  O i C Y 3 . 3  A 
O G - l O t i  NRS7-295 67/01/00 UNCLASSIP 

123 JOCUHSIJT 
C o n v e c t i v e  ana r a d i a t i v e  h e d t  transs 

uperorbi t a i  e n t r y .  
( C o n v e c t i v e  and r a d i a t i v e  lieat t r a n s f e r  t o  rcen 

try vellicics a t  superor  L i t d l  v e l o c i t i e s )  
A / t l O S i i I L A K I ,  11, ; B/WfLSOIJ,  IC, i i .  ( A B/LOC K f i E 2 

D kZiiC.tAk'T COitP., L O C K I I E E U  i1ISSILii:S A N D  S 2 A C d  CO., 
LAHS., P A L O  AL'TO, CALlF , / . )  
M I C A N  LNST, bF A E d O N A U T I C S  AN 

I C s ,  XcROSPACii S C I E N C E S  i9JiEfL'ItJG, 3 H D ,  N 
Y . ,  JAIU-  24-26 ,  1 9 6 6 ,  PAPEER 6b- lob./ R I A A  J O U R N A  
L, V O L -  5 ,  JAN- 1967, P -  25- 3s. 30 RgFS, <2OR A 
ilSi'L{ACT SEE: .ISStiL 07, PAGE 1155 ,  ACCiiSSION NO. A66 - 1 d459< 

/ * C O N V E C T i V L  IiEA'L! T~~ANSPEH/*PiANETARY dAi)XR' l . 'LO 
N / * Ii A D i A T I V E 1 i E A T T H A N S P 11: R / * R E E N T R Y E 17 2 LCT/ A U S 0 d P 
T 1 \ ) N /  AT>IOSPi iZ i<b~ /  CONk'lL'3r;NcE/ CONV ECT10N/  C O O L I N G /  

iiFFEEC'L'/ ZMISSIoN/ 1iEAT THANSr'ER/ LAYER/ OL?BATAL/ 
PLAN'XTAHY/ RADIATILIN/  G A 3 1 A T I V Z /  R2;ENTBY/ SiiOCK/ T 
BERMAL/ VEHICLE/  VELOCITY 
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A b  i l -  J-12 73 * h ISSUli 19 P A G E  JbO3 C'A ' i ' i :GO, {Y  33 
3 A L; 7 - 3 d b f, U/ O U / O  3 U NC L A  S S  1 1.'I E 3 DOC U PlE N 1' 

i o i i v e c t i v c  diid r a d i d t i v e  h u t  t L a n s f c r  to dii 3~ 

( C ~ i i v c c t i v e  and radiative h e a t  t r ans fe r  to reen 

A / l l ~ S ~ l I Z A i i I . ,  14.; U / L A S H E l < ,  L. If. ( A  d/L OC K I i E E 

L c i t i n q  body. 

t r y  v e h i c l e s  p r o t e c t e c i  b y  a h l a t i o n  h e a t  shields) 

D A L A ~ C L ~ A P T  COHP., LUCKiiEED IIISSlLLS A N D  SPACE CO., 
w i ~ ~ i ~ i i  L A L ~ S . ,  ~ ' A L O  w r o ,  C A L I F . / . )  

A I A A  JO!IHi\AL,  V O L .  b,  E', 1441-1449. 
/4 ir 3 LA T I 0 N /* A Ti9 0 S LJ li I.: 3 IC E M T  E{ Y / *C 0 N V UCT 1 V L II E A T  

H UAT T 2 A N SE' E 3 
/ ~~2A~0T1iEi~~OC~~EMTS1ri~Y/ COOLIaG/ B A S S  T H A N S Y E i i /  PY R 
O i Y S I S /  HEENTliY P H Y S I C S /  REENTRY VEHICLES/ SHOCK L 
kY dKS/ Ti-IEHIJIAL A U S O B P T I O I \ I  

T R A N S F ii R/ * l i  ii AT S iiI; li L D I  N G / *  li A DI A T  I Vi3 

A o o - ~ b 1 5 4  IS:iUJi 13 PAtiE 1989--' CA'L'EGOHY 1 Ai.' 
-i\i:oSIt-J53-G3 SONR-ld41/'93/ 66 /OO/c )O U E C L A S S I F  
IEJ O , O C U 3 i b  L" 

brl t ;'y n o i i t  t r a n s f e r  a t  s u p e r o r b i t a l  s p e w i s .  
( L L < L l i i i d t c s  of  e x p e c t e d  r e l a t i v e  i n d g n i t u d c s  of c 

o n v e c t i v e  dnd r a d i a t i v e  h e a t  t r a n s f e r  a t  s t a y n a t i o  
n p o i l , t  Df  blunt body Lor s u p e r o r b i t a l  speeds dnd 
a l t i t u d c s  w i t h  coi i t inuuni  flow) 

6 / l r ' i i Y  # J. It- ( A i\ / 1'1 A S S AC ii  0 S ET i' S I K S T . 0 F T EC 1-1 
, UiiZ'T. OF MdC11ANICAL ENGINEERING, C A M B R X O G E ,  MASS 

.LX- PUNDAMdNTAL P H E N O 3 i i 3 A  1 N  HYPEBS0,VIC PLOW 
, i?:!b;cLJI:4GS OF T H B  I N T L 3 N A T X O D A L  SYhPOSIiiM., BUFF 
A i O ,  ii .Y., J U N .  25, 26, 19G4. <A66-25152 13-12< 
SY L P O S f  31.1 SPOliSOREi) i 3 Y  Tiig CO!ih;Li,L B d i t O U A U l ' I C A L  LA 
B, 2 D i T i D  BY J. G. UALL. ITHACA, M.Y., C O d N E L L  U. 

P ~ L S S ,  1966, E'. 30-46, ~ R E P R R J ~ D  CO3BEMT,  i l .  iiGS!II 
Z A K i  /LOCKt iEED AIRCIIAE'T COR?. , LOCKHEED MISSLLES A 
LD S P A i Z  CO., PALO ALTO, CALIF./, P. 46-50, A U T U O R  
' 5  dEPLY,  PI 50, 51, FLOOR UXSCUSSXON, D. E. H O S N E  

, 2. 51. 39 iii?r'S. 

T ~ ~ ~ S E e H / * ~ ~ Y P E R S O N I C  HEAT T K A N S F E R / * B A D L A T I V E  HEAT 
r B A li S iz E€l/ *ST AG N AT IO N P O  INT/ i3L U N T/ BODY/ COX F E R  EN 

CE/ CONTINUUM/ CONVECTION/ i . 'LIGHT/ FLOtl/ HERT TRAN 
SL'Lk/ HYPdXSONIC/ l O N I L A r L O t ? /  L A Y E R /  POINT/ R A d X A T  
FV%/ SHOCK/ STAGNATION/ ViiLOCLTY 

-/. 1 

8 /AiiHOCHE:.I  HESEARCiI L A B S . ,  I N C .  8 PliTNCETON, N.J,/ 

/ * U i U I J T  003 Y/*CO N TI: N U U d  FLOd/*CO N VEGTI: V d  KEA T 

- - -  
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A 6 5 - 1 8 1 0 1 #  ISSUE U PAGd 1 0 4 1  CATEGOHY 1 64' 
/i) L)/O 0 U NCL ASS1 Fi E D  UOCU MENT 

d a d i a t i o n  heat i r iq  u n d e r  h y p e r s o n i c  flow. 
(Ei lunt  body r a d i a t i o n  h e a t i n g  from d i s s o c i a t e d  

hot y d s  in shock l d y c r  formed b y  h y p e r s o n i c  flow) 

, G ,  E , ;  D / V O R # S E V ,  V, S .  (AD/MOSCO9 ANST. OF P 

A S T H O N A U T l C A  ACTA, VOL. 10, NO. 3-4 ,  1964, P 
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Abd-443bU1t ISSIJE 24 PA(;E 4 6 1 7  CATEGORY I f ]  
A I A t Z  P A P E I ~  ( 3 9 - 1  1 2 8  OC/lO/OO UNCLASSfYLED DOCUM 
EN ir 

Iiefractory materials and i n s u l a t i o n .  
([l 'crractocy inaterials tor r a d i a t i o n  cooled heat  

shields, discussing ceramics use for h i g h  tempera 
ture d r ~ r f ~  of h y p e r s o n i c  cruise and l i f t i n g  roentr 
y v e h i c l e s )  

A/BILOLI,  G o  B o ;  B/KUMiVIER, D e  Le (BA/MCDONNEL 
L DOUGLAS CORP., ST- LOUIS,  MO./.) Mlh!lUERS, $100 
0, NOi4IlZMUEHS, $l.soO 
A S T l i ~ f i A U T I C S .  AMEBICAN LNST. OF AERONAUTICS A N D  
ASTRONAUTICS, AXNUAL ~ ~ E E ' C I N C  AEI )  TECHNICAL DISPLAY 
, 5T11, PBILADELPHIA,  P A m 8  OCT. 21-24, 19b8. 

/*IiiiAT SHli iLDINti /+ l i IGH TEMPERATU HE RES EARCI.l/* R 
A D 1: A 'I! I V L1: t l  E AT T R A MS Y X R/ * ii E P Li ACT 0 R Y M AT ER I ALS/* T ti i3 R 
MAL LNSULATIOH/ UORIDES/ CAHUXDES/ CERAMICS/ CONPE 
RZ:NC%S/ O X l D E S /  BEFRACTORY METALS/ SHOCK RESISTANC 
E 

N X N  YORK,  AMEBICAN I N S T .  OP AERONAUTICS AND 

A 6 8 - 4 4 9 5 2 #  ISSUE 2 4  PAGE 4680 CATEtiORY 31 
A X A A  PAPER 68-1 127 68/10/00 UNCLASSIFIED DOCUM 
ENT 

I i e v i e w  of s t r u c t u r a l  and heat-shield concepts f 
01: f u t u r e  re-entry spacecraft .  

( A b l a t i v e  and radiat ive  heat  shield and hot and 
cold s truc tura l  approaches for reentry spacecraft 
compared for  hypersonic l i f t  drag range) 

A/?ICCOtlN, J. W o  ( A A / M A R T I N  MARIETTA CORP. AE 
BOSPACE G R O U P ,  FLIGHT TECUNOLOGY DEPT- ,  DENVER8 CO 
LO,/.) PiEMESRS, $ 1 . 0 0 ,  NONMEMUERS, $1.50. 

NEW Y U R K ,  AMERICAN I N S T ,  O F  AERONAUTICS A N D  
A S T N O l J A U T f  CS. AMERXCAN INST.  OF AEBONAUTICS AND 
ASTLiONBUTICS, A N N U A L  MEETING A N D  TECHNICAL D I S P L A Y  
g STI I ,  PHILADELPHIA,  PA.? OCT. 21-24, 1968- 

/*HEAT S H X E L D X N G / ~ H Y P E H S O ~ ~ C  SPEED/*LIYT DRAG 
RATIO/* HEENT R Y  V EHICLES/*SPACEC RAFT SIII ELDING/*S PA 
CECRAE'II STRUCTURES/ ABLATIVE MATER.XA.LS/ CONPEHENCE 
S /  RADIATIVE HEAT TBANSPEH/ STRUCTURAL DESIGN/ TEC 
HNOLOGY UTILIZATION 
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A68-24255if  I S S U E  10 PAGE: 1910 CATEGORY 33 
A I A A  PAPER 68-300 68/04/0c) UNCLASSIFIED DOCUME 
NT 

A s t u d y  of a d v a n c e d  t h e r m c l l  p c o t u c t i o n  s y s t e m s .  
( T h e r m a l  p r o t e c t i o n  systems and h e a t  shield mat 

e r i a l s  for p l a n e t a r y  entry h e a t i n g  noting heat sin 
ks, transpiration and film cool ing and r a d i a t i v e  a 
nd a b l a t i v e  c o o l i n g )  

A / R O S S I ,  J, J.; B/S08&S8 P. D. (AA/RAYTBEON 
CO., $PAC% A N D  INFORMATION SYSTEMS D I V , ,  S U D B U R Y ,  

NEH Y01lK8 AMELCICAN .INST. OF AEROlAUTICS AND 
ASTLiONAUTICS, AMERLCA N I N S T .  OF AEHONRUTICS A N D  
ASTBONAUTICS, AND AMEHXCAN SOCIETY OF XECHANICAL E 
N G I N E J 3 3 S ,  S?i<UCTURES, STLIUCTURAL DYNAMLCS ANI)  MATE 

MASS. /. ) 

H I A L S  CONPEREI{CE, 9TH, PALM SPfiLNGS, CALIIF-,  A P R o  
1 - 3 ,  1968. 

/*RTPlOSP€IELlIC ENTHY/*COOLING SYSTEMS/*REENTRY 
SBlJiiDING/*THEitMAL PROTECTION/ A B L A T I Y E  MATERIALS/ 

CONPERENCES/ PILM COOLING/ HEAT SINKS/ RADIANT CO 
O L I i d G /  SADIATIVB HEAT TRANSPER/ SPACECRAPT CONFIGU 
RATIONS/ TRANSPIRATION 

- -.- ~ - .  -- ___ -- , _ _ _  

' A u . > - J ~ ~ & . I ~  I S S U E  2 1  P A G E  313b  CAYJiGOIiX 1; 6 
I ; /OeI /L l  U N C L A S S I F I E D  1)OCIlMENT 

s a t  hic3h temperature d n d  i i i  h a r d  V ~ C U U I A ~  

i l i c i d t .  c o a t i n g s  on molybdenum i n  h a r d  vacuum v i a  
s i l i c o i i  loss by s u c c e s s i v e  t r a n s  forma t i o n )  

d v a p o r d t i o n  ot s i l i c o n  from molybdct in silicide 

( i i i ( j 1 i  t c n i p e r a t u r e  degradation of uiolybdenum dis 

A/ULATB, G .  R e ;  B/LEVlN, i l . ;  C/OBRlEN, R e  E e  

(Ad/ilUtii iLS ALIHCRAPT CO., COMPONENTS AND MATERIAL 
S L A k 3 . ,  CULVZR CITY, C A L I F . / ,  AC/NURTII ALlElUCAN AV 
L A T I O N ,  INC,, SPACE A N I )  i N F O H M A T I O N  SYSTEMS D I V .  
UOWNdY,  CALIF./.) 

A;-I,iLILCAN Ci iRAf l IC SOCI%TY, J O U L t N A L ,  VOL, 48, 

/*! i IGli  TiiflPdkA'l'CIRE MATEH.LAL/*MOLY UDENUM COMPOU 
N D/* Pd OT dC T I. V E COAT J: N G / W  HER M AL DE GR A D ION/* VACU ll 
P: d:PYdO S/ COATING/ COlIP(~UNJu/ UEGLtADATI / DLFFUSIO 
N/ D l S I L T C I D E /  El'FJiCT/ EtlLSSIVLTY/ ENVIRONtlENT/ 111 
Gii  TE?IPliRATIiRE/ l l A T i i R I A L /  tlOLYUUENUN/ PHOTXCTLON/ 
S I L l C  L11) E/ THERMAL/ TIi A N  SFORMATI ON/ VACUUM 

A U G o  21,  1965, P e  430-432- 
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Ab4-260698 ISSUE 23 C A T B G O R Y  13 o o / o ~ / o o  U 
NCLA 5s I E I% D DOC 0 MENT 

E x p e r i m e n t a l  i n v e s t i g a t i o n  of a charring a b l a t i  
v e  inaterial  exposed to  combined  c o n v e c t i v e  clnd r a d  
i a t i v e  h e a t i n g  in o x i d i z i n g  aud  n o n o x i d i z i n g  e n v i r  
oriiuen ts, 

( C h d r r i n g  a b l a t i v e  materials e f f e c t i v e n e s s  i n  c 
oinuined c o n v e c t i v e  and r d d i a t i v e  h e a t i n g  a s  recntr 
y s h i e l d )  

, H. M. (AA/NASA, AMES R E S E A Z C H  CENTER, k¶Oi?PETT 
PIdLD, C A L I F . / . )  

I N -  AMEIZICAN LNS'I. 0.F AERONAUTICS AND ASTRON 
AUTICS, ENTRY TECH&OLOGY CONYEREHCE, WILLIAMSBURG 
Abl) IiAi3PTOI4, V A . ,  OCT, 12-14 ,  1964,  TECIIN1CA.L PAPE 
RS / A I A A  PUdLICATION CP-9/. Niik'  Y O H K ,  Ai.igR1CAN INS 
T, O F  AERONAUTICS AND ASTRONAUTICS, 1944, P, 216-2 
27. 15 REFS. 

/ * A U LA TI N G iY A T E R 7: A L/* CO 14 V EC TI V E H E AT T R A N S YE: R/ 
Jci-lRT4ALAL T E S T 1  N G / * H A D I A T . L V E  HEAT THANSPEH/*HEENTR 
Y S I l I E L D /  ABLATION/ CONFEBENCX/ CONVECTION/ ENVIBO 
NME NT/ i i U T  TRANSEdH/ IIEATING/ HAG NITUDE/ MATERIAL 
/ PIEASUaEMENT/ OPIDIZEH/ HAOXATION/ REENTRY/ S H I E L  
D/ TEST 

A/J03&S8 J. W e ;  B/LUNDELL, 3, He; C/WAKEFIELD 

b f >  I -  1 O t J ~ I ~ I H  ISSlJk; 1 PAt i I . :  7 CA'rLt iORY 1 AliC-ti 
/;1-3>4U i{AE-'i'i{-6b31 1 AliC-28924 6d/OO/l)C) UNCLAS 
S i: F 1 LO DOC [I ;I t: NT 

A l l c v r d t i o n  of leadiny-edge h e d t i n g  by c o n d u c t i  

( A l l e v i a t i n q  leadirirj edge h e a t i n g  of hypersonic 
a i r c r a f t  b y  co t iduc t ive  dnu r a d i a t i v e  h e a t  trarisfe 

on anni r d d i a t i o n  

r) 

AXL. c r s n  
A/CAPEY, E. C, 
AEROtlAUTICAL RESEAHCIi COUNCIL /tiye BHLT,/ AV 

/ * c o m u c m u  HEAT T R A N S P E R / L H Y P ~ R S O N I C  AI K R A F  
T/*LEAL)lNG EDGES/*HADIATXVE HEAT TltANSFEH/ AERODYN 
rll.lXC l I i 2 A T I N G /  ANGLE O F  ATTACK/ SURPACE TEMPERATURE 
/ TLdPZLLA'L'URE D E S T B I B U T I O N  

5 Li P L.: d SE 1) E S +R A E-T I{- 6 6 3 1 1 8 A RC-2 8 Y 2 4 t 
TYP&: 3 
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Nbd-3 14274 1SSUE 19 P A G d  3377 CATLtiOltY 32 
GUC-LRif- AN- 11 3 3  67/12/00 UNCLA! iSIFi i iD  WCUfiENT 

L i g h t  w e i q  ht r adia t ivc: h e a t  s h i e l d  d e  welopmerit 
( d e s i c j n ,  d e v e l o p m e n t ,  and t e s t i n g  lightweight r 

a i l i a t i v e  hea t  shield for m a n e u v e r a b l e  reentry v c h i  
Clk?) 

A/IJLACK# W s  E. 
G L N g i t A L  DY NAMICS/CUNVATH, SBN D I E G O ,  CALIF, 

/ * ti R DL AT 1 V E li EAT T R A N  S k' Gli/* Ti E E IJT H Y 5 :l I ELI, I NG/ * 
STA'JCTU R A L  DESIGN/*T HBH MAL CYCLING TESTS/*TiIE R M A L  
Pito L"ECTIOlJ/ AERODYNAMiC iIEA'I'ING/ HASTELLOY (TttAOEEI 
A l i i ( )  / 1 i I G U  TJ2BPERATUHli TESTS/ N I O B d U M  ALLOYS/  PERF 
O L ~ I ~ ; C ~  m s T s  

- -_ 

X~1-1d047 tC  ISSUE 21 PAGE 1 b l J  C A T E G O i t Y  18 
G L)C - t.: 1< it- 12 7 2 U NC L ASS 1 F I ED DOC IJ M E N T 6 9/0 2/0 i) 
GOVTe AtiCY- O N L Y  

d di il ti v c  t h e  r ma L p r  otec  t iori s y  st enis d e v u l o  pmen 

( H a d i a t i w e  t h e r m a l  pcotectiou s y s t e m  f o r  maneuv 

A/ULACK, w. e. 

t for maneuverable r e e n t r y  spacecraft  

eraule r c c n t r y  s p a c e c r a t t )  

G L N Z L I A L  DYNAMICS/COKVRLR, SAN D I E G O ,  C A L I F ,  

/ * M  A N X U V  E R A  l3LE S P A C  ECHAk'T/*i3ADIATIVl3 HEA'J.' TSRIJ 
SYdH/*JlEENTiiY VEHFCLES/*THMMAL PROTECTION/ COSTS/ 

iiASiTELLdX ( T R A D E M A R K )  / HEAT SH;CELD.I:NG/ L E A K A G E /  N 
I i > l j I U ? l  ALLOYS/ WEIGHT (MASS) 
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N66-33307*# Z S S U B  19 P A G G  3893  CBTEGORY 33 
NASA-TM-X-784 63/03/00 U I K L A S S I P I E U  UOCUMENT 

P r e l i m i n a r y  e v a l u a t i o n  o €  a nuinmL' of a b i a t i v e  
h e a t - s h i e l d  materials exposed to coriruiried radiativ 
e dad  c o n v e c t i v e  tieatiiiq 

(Ablating materials  t e s t e d  a t  c o m b i n e d  r a d i a t i v  
t3 ai:d c o n v e c t i v e  h e a t i n g  f o r  manned r e e n t r y  v e h i c l  
e h e a t  s h i e l d s )  

A/DTCK&Y, R e  H e ;  B/HAACKSR,  J- k'- 
NATIONAL AEHONAUTLCS A N I )  SPACE ADMINISTBATION. 

AMLS KESEARCII CENTER, MOFFE'ZT FILELD, CALIF- AVA 
IL. C F S T I  

kASiIINGTON, NASA, B A R .  1963  72 P REPS 
/ * A B L A T I N G  M ATdi t I  AL/*CONVECTXV& HEAT THANSYER/ 

*IiEA T S i1 IXLD/*H A U Z R T l V s ;  ti E A T  TBA NS FE a/* RE ENTR Y V E B 
ICLi3 /  AULATION/ B A L S A /  CONVECTION/ CORK/ FLUX/ H E A  
T/ iiEAII' THAWSPER/ MANIJEU/ NATl3RIAL/ POINT/  R A D I A T I  
V J i /  B i i E a T R Y /  S H l E L D /  SPACECHAFT/ S T A G N A T X O N /  VEH-IC 
LE/ WOOD 

/DECLASSIFIED/  

Noo-21 1 U 4 #  1 ' I S S U E  10 PAGE 1773 CATEGORY 32 
ML-'r1)13-64-.?04, VoL, 1 Ai)-627739 33/657/-9407 

u6/04/00 U a C L A S S l F . 1  EU UOCUMEMT 
Z v a l u a t i o n  of t h e r m a l  p r o t e c t i v e  systems f o r  ad 

vc inced tlerospdce v e h i c l e s ,  vo lume  I Interim summar 
y report, Sop. 1962 - Dec, 1963 

(Therind1 protective systems fur a d v a n c e d  a e r o s p  
dce vehicles - t h e r m a l  and m e c h a n i c a l  ptoperties o 
t resractory ni{iteridls) 

A/ULXTON, J m  L a g  B/CMRLSTIAN,  W m  J e ;  C/UALLYg 
J -  W e ;  D/lIEUC;E, J e  Cm; E/HLRSCHUORN, I I e  J a  

IIT RdSEARCH I N S T ,  CIiICAGC), I L L .  AVAIL. C F S  
TI. 

A P i i .  1 9 b 5  259 P H E r S  
/*AEHOSPACE V E I I ~ C L E / ~ M ~ C l i A N X C A L  PROPERTY/* i lEPR 

A C '2 d ii Y A L 
L O Y /  A L U a I N U M /  CERMU;T/ C H R O M I U P l /  COATING/ CO2lPATIB 
I L f  TY/ CONDUCTI: VLTY/ C O O L I N G /  ~ t l ~ S S L V I ' i ' Y /  EVAPORAT 
10:4/ EXPANSION/  LSLAME/ U X G f l  TEMPSRATURE,! M A T E R I A L /  

3EChANXCAL/ M%DIUM/ NLCKEJJ PLASMA/ PROPERTY/ PRO 

TRANSPIHATION/ VEHICLE 

WRIGiiT-PATTERSON AFB, 01.110, AP HATER, L A B .  0 

>l AT E R X A L/ * T ti iid HA L P HO'TEC T 11 0 M/ A ii ROY PAC E/ 

T ECT 1 ON / R A D  I AT I ON/ R E2 H ACTO Ii Y/ S P R A P IN G/ THERM A L/ 
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I 
/ 

P 

1463-16058 ISSUE 13 CATEGORY 34 61/07/25 U N  
CLASSIIYLZU DOCUPlENT 

atious - radiative t h e r m a l  p r o t e c t i o n  s y s t e m s  for 
2533 t o  4500-dey f) 

( d i y h  temperature  composite s t r u c t u r a l  c o n f i g u r  

R/GUYTON, H e  D e  

AEHUNAUTICAL SYSTEMS OIV. PLIGHT DYNAMICS L 
AB, I 'ddIGtITPATTERSON AFB, O H I O  H I G H - T E M P E R A T U R E  CO 
MPOSITZ STHUCTUHAL C O N F ~ G U ~ R T I O N S H A D I A T I V E  THEHMRL 

2HOTECTIION SYSTEMS FOH 2500 DEG TU 4500 DEG F ROB 
ii2'L' 3. GUYTON IN L I T T L E  /At?TiiiJli De/, INC. , C A i l U R I  
D G L ,  PlASS. PHOC. OF <Ai?OSR< CONF, ON AEBODYNAMXCAL 
LY HZRTdD STBUCTURES, CA?IJJRII)tii2u IYASS.. JULY 25, 1 
9 6 1  P 151-170 / S E E  Nu3-16051 13-13/ /AP P H O J .  AS 
SET/ 

/*ASliODYNAMTC BLATING/*COi3POSITE STaUCTURE/*RA 
IiE A T  T I3 A N S FS It/* T ilE H MAL I N S U L A  T i  OS /*T H E RM A L 

PHO'YECTION/ A E R O U Y  N A  a I C /  COMPOSFT Z/ CONDUCTIVITY/ 
COOL.L3G/ E M I S S I V I T Y /  IIEAT TKANSFEL{/ HEATING/  EiIGIi  
TdEPERATURE/ INSULATION/ METAL/ B A I ) I A T I V E /  H E E N T H  

Y/ XEPRACTORY/ STRUCTUHE/ TANTALUIJI/ THERMAL/ T U N G S  
TEN 

D i A T I. V ir: 

XbS-13612 I S S U E  9 PAGL 6 6 5  CATdGORY 3 3  AF 
33/616/-8106 64/00/0U U N C L A S S I P l E D  DOCUMENT 
GOVT. A G C Y -  O N L Y  

Heat p r o t e c t i o n  by  radiative heat r e j e c t i o n  
(Lifting reentry v e h i c l e  h e a t  p r o t e c t i o n  by rad  

A/MAL<KS, CI  D ,  
i a t i v e  neLit r e j e c t i o n )  

ilCDONNELL A I R C R A F T  GORP. ,  STe LOUIS, MOe 
17 J U L .  1964 I N  AEl3OSPACE COkP, TBANS,  OF T 

HE 9TII SYMP. ON B A L L L S T I C  MlSSILE A N D  SPACE TECHNO 
L.,, VOL. I1 <1964< P 267-295 /SEE X65-13603 09-3 

/*l iE AT l?E J E C T I O N  DE VICE/*LI  FTI NC B O D Y / * Z B D I A T  I 
VE tidAT TRANSFER/*HEENTHY VLHTCLE:/ BODY/ C O N F X G U R A  

TIN(;/ MATLRIAL/ ICIETAL/ I-lXSSIOB/ R 
/ HEJl?CTLUN/ STHUCTURE/ TR#NSr'ER/ 

4/ 

T i O N /  i l&VICE/  HEAT/ H E A T  TRANSPER# NYPERSONLC/ L I F  
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x'b4-74575iC I S S U E  35 CAT15GORY 1 3  l.$It--1JQO.2 F D L  
-TDii-64-7tj A D - 4 4 0 4 3 2  P.1.' 33/657/-10206 t ~ ~ ~ / O O / O l  

UNCLASSLPI . i iU  DOCUMEiq'I' tiOVT. AGCY. ONLY 
A b l a t i v e  composites f d r  s u p e r o r b i t a l  c3.Li.de re-<? 

ntry t e c h n i c a l  documentary r epor t ,  a p r .  1.Jb3 - a p  
r .  1 3 6 4  

( A u l a t i v e  composite radiative hcat s h i e l d  for s 
u p e r o r b i t a l  glide reentry)  

A/UAVLS, R. tl.; B/I1Al!1<Ru J. PI, JR.; C/l4ILI.;::rilS 
KX, C. 

41AR'I'I.N CO. ,, BALTIMOWE, NO. ( R L S  EAilCH D E P T , )  
WRIGHT-PATTERSON A F B ,  O H I O ,  A Y  h'LIGtiT D Y N .  L 

A 3 . ,  1 JUiJ.  1 Y G 4  212 P XEdS 
/*ABLATING PIATEHIAL/*COMPDSLTii MATEHfAL/*HEAT 

S I i f L L i l / * i 2 A D I A T I V E  IiEAT THANSELII/ ABLATION/ COMPOS1 
TL/ G L I D l i /  HEAT ' i 'HANSFER/ MATERIAL/ R A D I A T I V E /  R E E  
NTL{Y/ SHXELD/ SUPEROLiBlTAL 
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